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INTRODUCTION OF THE INVENTION 

This invention relates to novel substituted quinazolinone compounds and derivatives thereof which are use- 
ful as angiotensin II antagonists in the treatment of elevated blood pressure and congestive heart failure. The 
5 substituted quinazolinone compounds of the invention are also useful to reduce elavated intraocular pressure. 
It also relates to processes for preparing the novel compounds; pharmaceutical formulations comprising 
one or more of the compounds as active ingredient; and, a method of treatment of hypertension, congestive 
heart failure, and elevated intraocular pressure. 

The compounds of this invention also have central nervous sytem (CNS) activity. They are useful in the 
10 treatment of cognitive dysfunctions including Alzheimer's disease, amnesia and senile dementia. These com- 
pounds also have anxiolytic and antidepressant properties and are therefore, useful in the relief of symptoms 
of anxiety and tension and in the treatment of patients with depressed or dysphoric mental states. 

In addition, these compounds exhibit antidopaminergic properties and are thus useful to treat disorders 
that involve dopamine dysfunction such as schizophrenia. The compounds of this invention are especially use- 
15 ful in the treatment of these conditions in patients who are also hypertensive or have a congestive heart failure 
condition. 

BACKGROUND OF THE INVENTION 

20 The renin-angiotensin system (RAS) plays a central role in the regulation of normal blood pressure and 
seems to be critically involved in hypertension development and maintenance as well as congestive heart fail- 
ure. Angiotensin II (All), an octapepttde hormone is produced mainly in the blood during the cleavage of an- 
giotensin I by angiotensin converting enzyme (ACE) localized on the endothelium of blood vessels of lung, kid- 
ney, and many other organs, and is the end product of the RAS. All is a powerful arterial vasoconstricter that 

25 exerts its action by interacting with specific receptors present on cell membranes. One of the possible modes 
of controlling the RAS is angiotensin II receptor antagonism. Several peptide analogs of All are known to inhibit 
the effect of this hormone by competitively blocking the receptors, but their experimental and clinical applica- 
tions have been limited by their partial agonist activity and lack of oral absorption [M. Antonaccio. Clin. Exp. 
Hypertens. A4, 27-46 (1982); D. H. P. Streeten and G. H. Anderson, Jr. - Handbook of Hypertension. Clinical 

30 Pharmacology of Antihypertensive Drugs, ed. A. E. Doyle, Vol. 5, pp. 246-271 , Elsevier Science Publisher, Am- 
sterdam, The Netherlands, 1984]. 

Recently, several non-peptide compounds have been described as All antagonists. Illustrative of such 
compounds are those disclosed in U.S. Patents 4,207,324; 4,340,598; 4,576,958; 4,582,847 and 4,880,804 in 
European Patent Applications 028,834; 245,637; 253,310; 291,969; 392,317; 399,731; 403,158; 403,159; 

35 407,342; 411,507; 412,848; and 415,886; and in articles by AT. Chiu, tfal. fEur. J. Pharm. Exp. Therap. 157 , 
13-21 (1988)] and by P.C. Wong, et a[. fJ. Pharm. Exp. Therap , 247, 1-7(1988), Hypertension. 13, 489-497 
(1989)]. European Patent Applications 028,834 and 253,310 and the above three articles disclose substituted 
imidazole compounds which are generally bonded through a lower aikyl bridge to a substituted phenyl. Euro- 
pean Patent Application 245,637 discloses derivatives of 4,5,6, 7-tetrahydro-2H-imidazo[4 i 5-c]-pyridine-6-car- 

40 boxylic acid and analogs thereof as antihypertensive agents. 

DETAILED DESCRIPTION OF THE INVENTION 

This invention relates to novel substituted quinazolinone compounds and derivatives thereof which are use- 
45 ful as angiotensin II antagonists, primarily as antihypertensives. The compounds of this invention have the gen- 
eral formula (I): 



50 



55 



2 



\ < r 



EP 0 512 870 A1 



10 



15 



^Y L 

(CH 2 ) r 




20 



(I) 



or a pharmaceutical ly acceptable salt thereof, wherein: 

L is connected with J or K to form an aromatic ring as defined below; 

J is -C(=M)- or J and L are connected together to form a 6 carbon aromatic ring substituted with R 7a , 
25 R 75 , R 8 * and R 8 * provided that only one of J and K is -C(=M}-; 

K is -C(=M)- or K and L are connected together to form a 6 carbon aromatic ring substituted with R 7a v 
R 7 * R to and R 85 , provided that only one of J and K is -C( = M)-; 
M is O or NR22; 
R'is 

30 (a) -S0 2 N(R25)-OR2s 
(b) -S0 2 NHS0 2 R23, 
(C) 



0 
II 



-S0 2 NH-P(R 26 ) 2 . 



(d) 



-C0NH-£(R 26 ) 2 , 



45 



(eJ-SOjNHCOjR 23 . 
(f) 



50 



(g) -NHS02NHS0 2 R23 
(h) 



-S0 2 NHS0 2 -N^ Z, 



55 



-NHS0 2 NHP<R 26 ) 2 . 



(0 



3 



EP 0 512 870 A1 



oH _NH 



J NH 

O 



HO R 



N-Y 



Y-N 

NHSOjR 23 . 
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5 

(q) 

10 



15 

(r) 

20 



(s) 

30 



35 




(t) 



-N-C-COH , 
R 4 

45 

or 

(u) - NHSCfeR*; 
wherein 

Y is O or S; and 
» ZfeO,S(0) x orNR"; 

R 28 and R 2 * are each independently 

(a) H, 

(b) halogen, (O, Br, I, F), 
<c)N0 2 , 

55 (d)NH 2f 

(e) Ci-C^-alkylamino, 

(f) di(C 1 -C 4 -aIkyl)amino, 

(g) S02NHR» 



5 
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(h) CF 3 , 

(i) C r Ce-alkyl, 
(j) C r C 6 -alkoxy, 

(k) (C r Ce-alkoxy)-CH rp 
(I) (C r Ce-alkyl-S)-CHr, 
(m) CrCe-alkyl-S-, 
(n) -CH 2 NR 9 R 9 , 

(0) CrCe-alkenyl, 
(P) Cz-Ce-alkynyl; 

(q) aryl as defined below, 
(r) aryl(C r C 4 -alkyl), or 
(s) Cg-Crcycloalkyl; 
R3»is 

(a) H, 

(b) halogen (CI, Br, I, F), 

(c) Ci-Ce-all^l, 

(d) C r Ce-alkoxy, or 

(e) Ci-Ce-alkoxyalkyl; 

(a) H, 

(b) halogen (CI, Br, I, F), 

(c) N0 2f 

(d) CrCe-alkyl. 

(e) CrCracyloxy, or 

(f) C r C7-cycloalkyli 

(g) C r C r alkoxy, 

(h) -NHS0 2 R 4 , 

(1) hydroxy(C r C 4 -alkyl) ( 

(j)aryl(C r C 4 -alkyl). 
(k) C r C 4 -alkylthio, 
(I) C r C 4 -alkyI sulfinyl, 
(m) C r C 4 -alkyl sulfonyl, 
(n) NH 2 , 

(o) C r C 4 -alkylamino, 

(P) di(C r C 4 -alkyl)amino, 

(q) fluoro-CrC^alkyl-, 

(r)-S02-NHR 9 , 

(s) aryl as defined below, 

(t)furyl, 

(u)CF 3 , 

(v) CrCe-alkenyl, or 
(w) Ca-Ce-alkynyl; 

wherein aryl is phenyl or naphthyl optionally substituted with one or two substituents selected from the 
group consisting of halogen(CI, Br, I, F), N(R*>2, C0 2 R* C r C 4 -alkyl. d-C 4 -alkoxy, N0 2 , CF 3 , C r C 4 -alkylthio, 
OH, -S0 2 NR fl R 10 , Ca-CT-cycloalkyl, C r C 1(r alkenyl, and -S(0)x(C r C 4 -aIkyl); 

R4 js h, aryl as defined above, straight chain or branched C r C 6 alkyl optionally substituted with aryl as 
defined above, or heteroaryl, wherein heteroaryl is an unsubstituted, monosubstituted or disubstituted hetero- 
aromatic 5 or 6 membered ring which can contain one or two heteroatoms selected from the group consisting 
of N, O, and S, and wherein the substituents are members selected from the group consisting of -OH, -SH, C r 
C 4 -alkyl, C r C 4 -alkoxy, -CF 3 , halogen (CI, Br, I, F). and N0 2 ; 

is aryl as defined above, C r (Valkyl, or aryi-CrCe-alkyl 

R 6 is H, 



R 4 0 
-CH-0-(!-R 4a ; 
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E is a single bond, -NR^CHz),-, -SfOyCHaV where xis0to2andsis0to5, -CH(OH)-, -O-, or CO-; 
R*is 

(a) aryl, 

(b) straight chain or branched CrCs-alkyl, C 2 -C 6 -alkenyl or CrCs-alkynyi each of which can be optionally 
substituted with a substituent selected from the group consisting of aryl as defined above, (VCr-cycloaikyl, 
halogen (O, Br, I, F), CF 3 , CF 2 CF 3 , -NH 2 , -NH(C r C 4 -alkyl), -OR 4 -NfC^-alky!)* -NH-SC^R 4 , -COOR 4 
and -S0 2 NHR*; or 

(c) heteroaryl as defined hereinabove; 

(d) Gj-Cr-cydoalkyl; 

(e) perfluoro-CVC^aikyl, or 

(f) H; 

R 7a and R 7 * are independently 

(a) H, 

(b) straight chain or branched C r Ce-alkyi f CVCe-alkenyJ or C^Ce-alkynyl, 

(c) halogen (a, Br, I, F) 

(d) CF 3 , or 

(e) when R 7fl and R 7 * are bonded to adjacent carbon atoms, they can be joined to form a phenyl ring; 
R to and R 8b are independently 

(a) H, 

(b) C r C 6 -alkyt optionally substituted with a substituent selected from the group consisting of -OH, -guani- 
dino, C r C 4 -alkoxy, -N(R 4 ) 2 , COOR 4 , -CONfR 4 )* -O-COR 4 -aryl, -heteroaryl, -SfO^R* -tetrazol-5-yl, - 
CONHSCfeR 23 , -S0 2 NH-heteroaryl, -SCfeNHCOR 23 , -POfOR 4 )* -PO(OR 4 )R» -S0 2 NH-CN, -NRi°COOR2* 
morpholino, -N-fCrCe-alkylJpiperazine, -COR 4 , 



(c) -CO-aryl, 

(d) -CrCT-cycloalkyl, 

(e) halogen (CI, Br, I, F), 

(f) -OH, 

(g) -OR* 

(h) -C r C 4 -perfluoroalkyl, 
(iJ-SfOVR* 
OJ-COOR 4 , 

(k) -SO3H, 

(I) -NR 4 R 23 , 

(m) -NR^OR 23 , 

(n) -NR24COOR23, 

(o) -S0 2 NR°R 10 , 

(pJ-NO* 

(q) -NR^SOzR^, 

(O-NR^CONR^, 

(s) 



(t) -aryl or -heteroaryl as defined above, 

(u) -NR^SOjCFa. 

(v) -S0 2 NH-heteroaryl, 

(w) -S0 2 NHCOR» 

(x) -CONHS0 2 R25 

W-POtOR 4 ^ 

(z) -PO(OR 4 )R», 



— N 




or — N N-R 22 ; 



0 



-0CNR 23 R 9 , 
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(aa) -tetrazol-5-yi, 
(bb) -CONH(tetrazol-5-yl) f 
(cc) -COR 4 , 
(dd)-S0 2 NHCN 
5 (ee) 



10 



15 



where n=0 or1 t 
(ff) -CO-heteroraryl, 
(gg) -NR24S02NR23R8 
20 (hh) 



25 



30 



35 



40 



(ii) 



(ii) 



(kk) 



u 



-NR 2 *CON N-R 22 , 



O ^ 

•NR^CN O , 



O O 
-J I / V II - 3 
- NR^ CN. N-CR 23 . 



-NR 24 S0 2 N N-R 22 , 



(ID 



so 



-NR^SQaN O 



55 (mm) 
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O 

NR 2 *S0 2 N N-CR 23 , 



(nn) 



O 

NR^CN^^N-SC^R 23 , 



or 
(oo) 



R 9 is H. Ci-Cg-alkyl, aryl or arylmethyl; 
R'° is H, d-C 4 -alkyl; 

R 11 is H, (VCs-alkyl, CfC^alkenyl, Ci-C 4 -aikoxy alkyl, or 

'-HOW: 

R« is -CN, -NO* -CF 3 or -C0 2 R 4 ; 

R 13 is H, (Ci-C^alkylJCO-, C r Ce-alkyl, allyi, CjrCe-cydoalkyl, aryl or arylmethyl; 
R 14 is H, C r C r alkyl, C r Ce-perfluoroalkyl, Q3-C<rcycloa!kyl, aryl or arylmethyl; 
RisisH f C r Ce-alkyl; 

R 16 is H t Qi-Cs-alkyl, Cs-Cs-cycloalkyl, aryl or arylmethyl; 
R" is -NR 9 R 10 , -OR«\ -NHCONH 2 , -NHCSNH 2 , 

-NHS0 2 ^Q^CH 3 or -NHS0 2 H^^ ; 



R 16 and R 19 are independently C r C 4 -alkyl or taken together are -(CHJq- where q is 2 or 3; 
R» is H, -N0 2 , -NH2, -OH or -OCH 3 ; 

R21 is H, aryl, or C^C^alkyl optionally substituted with aryl, -NH* -NH^-C^alkyl), -N(C r C 4 -alkyl)2, - 
C0 2 R*. -OH, .SO3H, or -SO^H* 

R22iS 

(a) aryl as defined above, 

(b) heteroaryl as defined above, or 

(c) C 1 -C 4 -alkyl optionally substituted with a substituent selected from the group consisting of aryl as defined 
above, heteroaryl as defined above, -OH, -NH 2 , -NH(C r C4-alkyl), -NfCt-C^alkyl)* -C0 2 R 4 , halogen (CI, 
Br, F, I), and -CF* 

R»is 

(a) aryl as defined above, 

(b) heteroaryl as defined above, 

(c) CyCr-cycloalkyl, 

(d) CrCe-alkyl optionally substituted with a substituent selected from the group consisting of aryl as defined 
above, heteroaryl as defined above, -OH, -SH, CrCralkyl, -0(C r C 4 -aJkyl), (VCVcydoalkyI, -SfOWC,- 
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C 4 -alkyl), -CF 3 , halogen (CI, Br, F, I), -N0 2i -C0 2 H, CO r C r C 4 -alkyl, -NH 2 , -NH(C r C 4 -alkyl), -N(C r C 4 -al- 
kylfc, -P0 3 H 2 , -POtOHXO-CrC^alkyl), .N(C r C 4 -alkyl)COR^ -CON(C r C 4 -alkyl) 2 , or -PO(OR 4 )R9. or 

(e) perfluoro-C r C 4 -alkyi, or 

(f) CH(aryl) 2 ; 
R2*ls 

(a) C r C e alkyl, 

(b) substituted C r C 6 alkyl in which the substituent is CyCr cydoalkyl, C r C 4 alkoxy, hydroxy, dH(C r C 4 
alkyI)amino, C0 2 R 2 , morpholinyl, C r C 4 alkylpiperazinyl, CF 3 , C r C 4 alkylthio, C r C 4 alkylsulfinyl or C r C 4 
alkyl sulfonyl, 

(c) Cj-Ce alkenyl, 

(d) phenyl C r C 6 alkyl, 

(e) substituted phenyl C r 0 6 alkyl, in which the substituent on the phenyl group is hydroxy, C r C 4 alkoxy, 
F, CI, N0 2 , cyano, C0 2 R 2 , di(C r C 4 alkyl)amino, CF 3 , phenyl C r C 4 alkoxy, C r C 4 alkylthio, C r C 4 alkylsul- 
finyl.or C r C 4 alkylsulfonyl, 

(f) heteroaryl C 1 -C 6 alkyl, 

(g) substituted heteroaryl C r Ce alkyl, in which the substituent on the heteroaryl group is F, a, IM0 2 , C0 2 R 2 , 
or di-(C r C 4 alkyl)amino, and 

(h) H; 
R26is 

(a) H, 

(b) aryi as defined above, or 

(c) d-Ce-alkyl optionally substituted with aryl, F, CI, Br, -OH, -NH 2 , .NH(C r C 4 .alkyl), -NfCrC^alkylk, or 
CF 3 ; 

R*Hs 

(a) aryl as defined above, 

(b) C r Ce-aIkyl optionally substituted with aryl, F, CI, Br, -OH, -NH 2 , -NH(C r C 4 -alkyl), -NfCi-C^alkylfe, CF 3 , 
-COOR 4 , orCN, 

(c) -OCH^J-O-CO-R 4 * or 

(d) -OH or-O-CrCe-alkyl wherein alkyl is as defined in (b); 
R27is 

(a) H, 

(b) CrCe-alkyl optionally substituted with aryl, F, CI, Br, -OH, -NH 2 , -NHtCi-C^alkyl), -N(C r C 4 -alkyl) 2 , CF 3 , 
-COOR 4 orCN,or 

(c) F, a, Bn 
Xis 

(a) a carbon-carbon single bond, 

(b) -CO-, 
(0-O-, 

(d) -S-, 
(e) 

-N-, 
Rl3 



(0 

-CON- , 



(9) 

-NC0-. 
Rl5 



(h)-OCH r . 

10 
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(i) -ChfeO- 

(D-SCHr. 

(kJ-CHjS-. 

0) -NHC(R 9 )(R 10 ), 
5 (m)-NR»SOr. 

(n) -S0 2 NR9-. 

(o) -C(R 9 )(R 1(, )NH-, 

(p)-CH=CH-, 

(q)-CF=CF-. 
10 (r) -CH=CF-, 

(3) -CF=CH-, 

(t)-CH 2 CH2-. 

(u) -CF 2 CF 2 -. 

(v) 

18 



•CH— CH- / ^ CH 



20 



(W) 



OR 14 



25 



30 



35 



40 



-CH-, 

(X) 



OCOR 16 



-CH- 

(y) 



NP 17 



or 
to 



50 



R 18 0 OR 19 
\ / 
-C- 



n is 1 to 3; 
ris 1 or 2 ; and 
xis0to2. 

55 The terms "alkyl," "alkenyl," "alkynyl," and the like include both the straight chain and branched chain spe- 

cies of these generic terms wherein the number of carbon atoms in the species permit Unless otherwise noted, 
the specific names for these generic terms shall mean the straight chain species. For example, the term "butyl" 
shall mean the normal butyl substituent, n-butyi. 

11 
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The heteroaryl substituent recited above represents any 5- or 6-membered aromatic ring containing from 
one to three heteroatoms selected from the group consisting of nitrogen, oxygen, and sulfur, for example, pyr- 
idyl, thienyl, furyl, pyrazolyl, pyrrolyl, imidazolyl, pyridazinyl, pyrimidinyl, pyrazinyl, isoxazolyl, isothiazolyl, ox- 
azolyl, triazolyl and thiazolyl. 

One embodiment of the compounds of formula (I) are those compounds wherein: 
Jfe-C(0)-; 

K and L are connected together to form a 6 carbon aromatic ring substituted with R 7 «, R n , R to and R 8b is; 
R'is: 

(a) -S0 2 N(R*)-ORa\ 

(b) -SOzNHSOjR 23 , 
(c) 

0 

-S0 2 NH-P(R 26 ) 2 . 

(d) -S0 2 NHC0 2 R», 
(e) 



-S0 2 NHS0 2 -N Z, 



(f) -S0 2 NHS0 2 -N(R<)(R s '). 

(g) -NHSOjNHSOjR 23 , 
(h) 

0 

-NHS0 2 NHP(R 26 ) 2 ; 

(i) 




0) 

Y-N 



: 4 

NHS0 2 R 23 , 



irs(o) x 

H 



12 
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0) 



(m) 



o o 

M II 

•N-C-COH , 



or 

(n) -NHS0 2 R23; 

X is a single bond; 
R*isH; 

R a is H, F, a, CF 3 , CrCe-alkyl, C2-C 4 -aIkenyl, or C2-C 4 -aikynyl; 
R 33 is H; 

R» is H f F, a, CF 3f C r C 4 -alkyl, C2-C 4 -alkenyl, (VC^alkynyl, C r C^ydoaikyl, -COOCH 3 , -COOC2H5, 
-SCVCHa, NH* -NtCrC^alkyl^ or -NH-SO2CH3; 
E is a single bond, -O- or -S-; 
R8is 

(a) Ci-Cs alkyi optionally substituted with a substituent selected from the group consisting of Cs-Cs-cy- 
doalkyl, CI, CF 3> Ca 3l -0-CH 3 , -OC 2 H 5 , -S-CH 3 , -S-CaHs, phenyl, or F, 

(b) CrCg-alkenyl or C^-Cs-aikynyl, or, 

(c) CVCff-cycloalkyl; 

R 7a and R 7b are each H; 

R 88 and R 8b are independently 

(a) H, 

(b) C r C 4 -alkyl optionally substituted with COOR 4 , OCOR 4 *, OH, aryl, heteroaryl, morpholinyl, 



O 
II 



-N N-CR 23 



or 



(c) C2-C 4 -aJkenyi, 

(d) -OH, 

(e) -N0 2 , 

(f) -NR*COR», 

(g) -CrC 4 -alkoxy, 

(h) -NR2^C02R» 

(i) -NR*R», 

(i) halogen (CI, F, Br), 

(k)-CF 3l 

ffl-CQaR* 




— N N-R 22 



13 
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(m) -CO-aryl as defined above, 

(n) heteroaryl, 

(o) -S^-CrC^-alkyl, 

(p) -SOz-NH-CrC^alkyl, 

(q) -SO r NH-aryl as defined above, 

(O-NR^SOzCH,, 

(s) aryl as defined above, 

(t)-NR»CONR*R2». 



-NR 24 CON 




N-R 22 , 



(v) 



O 

NR 24 CN O , 



(w) 




or 

(x) 



O 



X is a single bond; 
r is one; and 
x is 0 to 2. 

In a ciass of this embodiment are those compounds of Formula (I) wherein: 
R 1 is: 

(a) -SOaNtR^OFtf* 

(b) -S0 2 NHS0 2 R* 
(c) 

0 

-S0 2 NH-P<R 26 > 2 , 

(d) -SOaNHCOjR 23 , 
(e) 



14 
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18 



20 



25 



30 



35 



40 



45 



50 



-S0 2 NHS0 2 -N Z, 



(i) 



or 



(k) 



(I) 



(m) 



55 

(n) - NHSOjR 23 ; 
X is a single bond; 
E is a single bond; 



5 (f)-S02NHS0 2 -N(R*)(R»). 
(g)-NHSO 2 NHSO 2 R23,0r 
(h) 

0 

10 «. 



-NHS0 2 NHP(R 26 > 2 : 



9" 
° II 



Y-N 



H 



O O 
ii ii 

-N-C-COH , 



15 
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r is one; 
xis0to2; 

R2", R», R 38 and R 3b are each H. -C r Ce-alkyl. -C r C 4 -alkynyl, -CI, -F. -N0 2 , or -CF 3 ; 

R 6 is methyl, ethyl, -n-propyl, isopropyl, -n-butyl, -trans-2-butenyl, CH 2 CH 2 CF 3 , -CH2CH2CH2CF3, -cy- 
dopropyl, or -cyclopropylmethyl; 

R*» and R»° are each independently H, -NO* -C,-C 4 -alkyl, -NHR 4 , -NR^O-R^. -SfOMCi-C^alkyl). 
-N(CH3) 2 , -OCH3, -NR2*COCH 2 NH 2 , -NR^CO-fiiroyl, -NR"COCH 2 N(CHj)2, -COOH, -COOCH 3 , -CH. 
jOCOCHa, a, -CH 2 COOCH 3 . -NR*CON(R 4 ) 2 , -NR"C0 2 R 4 , -CH 2 COOH. CH 2 OH, aryl. heteroaryl. -CH r het- 
eroaryl, 

O 

r-\ II 3 

-CH 2 -N N-CR 23 , 



- NHCON NR 22 



O 

II / V 
- NHCtt O , 



O 

/ — \ II „ 
-NHCON N-CR 23 
\ / 



-NHCON^J 01 * 2 ^ . 

In a subclass of this class are those compounds of Formula (I) wherein: 
Ri Is: -SO2NHCO2R 23 ; 
X is a single bond; 

R2«, R2*>. R to and R 3b are each H, -C r C 4 -alkyl -a or F; 

Re is methyl, ethyl, -n-propyl, isopropyl, -n-butyl, -trans-2-butenyl, CH 2 CH 2 CF 3f -CH 2 CH 2 CH 2 CF3, -cy- 
clopropyl, or cyclopropylmethyl; 

R* and R*» are each independently H t -NO* -C r C 4 -alkyl, -NHR 4 , -NR^CO-R**, -StOMC^-alkyl), 
-N(CH 3 ) 2 , -OCH3, -NR2*COCH 2 NH 2 , -NR^O-furoyl, -NR^OCH^CHafc, -COOH, -COOCH 3 , -CK 
2 OCOCH 3 , a, -CH 2 COOCH 3 , -NR 24 CON(R 4 ) 2f -NR 24 C0 2 R 4 , -CH 2 COOH, CH 2 OH, aiyl, heteroaryl, -CH r het- 
eroaryl, 

O 

-CH 2 -N N-CR 23 . 
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NHCON NR 22 , 
\ / 



II / \ 
NHCN. O , 



10 



O 

/ ^ II , 3 
-NHCON, N-CR 23 . 



15 



20 



-NHCON^ CI ^ n 



Exemplifying this embodiment are the compounds of the Formula II shown in Table A: 



30 



35 



40 




(II) 



SO 
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TABLE A 



0 


Corrpound 
No. 


R 1 


R 6 


R 7 - 


R 7b 


R ab 




A1 


-SOjNHDH 


Pr 


H 


Mb 


Mb H 




A2 


-SOaNHSOjPh 


Pr 


H 


Ms 


Mb H 


10 


A3 




Pr 


H 


H 


Mb * H 


A4 




Bu 


H 


Mb 


C0 2 H H 




A5 


rx 


Pr 


MB 


Mb 


H H 


15 


A6 




Pr 


H 


Ma 


MB H 




A7 


-NH-C-C0 2 H 
O 


Pr 


H 


H 


Mb H 


20 


A8 


-SOaNHSOj -< 
O 


Pr 


H 


Ma 


Et H 




A9 


II 

S0 2 NHPC(>-CH J Ph) 2 


Pr 


Ma 


hto 


H H 


25 


A1 0 


0 


Pr 


H 


Mb 


Mb H 




A11 


N-0 


Bu 


H 


Mb 


1-Pr H 


30 
















A12 


0 


Bu 


H 


H 


Mb Mb 



40 



45 



A13 -NHSOa Pr H H i-Pr Mb 



A14 -NHSOj H^_yT* Pr H H i-Pr Mb 
F 

A15 -NHSOg ""C^ ^ H H i-Pr Mb 

A16 -SOjNKXfeEt Pr H H i-Pr H 



In a second embodiment are those compounds of formula (I) wherein: 
Kis-C(O)-; 

J and L are connected together to form a 6 carbon aromatic ring substituted with R 7a , RP>, R** and R 8 * 
so and, the class and sub-class of this embodiment are as defined above. 

Exemplifying this embodiment are the compounds of the Formula III shown in Table B: 
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TABLE B 



Corrpound 



No. R 1 



B1 -SOjNHDH 
B2 -SOjNKS^Ph 
B3 -SOjNHSOjMs 

B4 -SQaNHSOa-K 
H -N-S(0) 2 

B6 

B7 -NH-C-COjH 
O 

B6 -SOjNHSO, -< 



B9 
B10 



B12 



O 
U 





R 7 « 


*!1 


£1 




Pr 


Ma 


hfe 


MB 


H 


Bu 


H 


H 


1-Pr 


u 
n 


Pr 


H 


H 


Mb 


H 


Pr 


H 


H 


i-Pr 


H 


Pr 


H 


Ma 


MB 


n 


Pr 


Ms 


H 


i-Pr 


H 


Bu 


H 


H 


hfe 


Mb 


Pr 


H 


H 


i-Pr 


H 


Pr 


H 


H 


i-Pr 


H 


Bu 


H 


Ms 


H 


MB 



O Mb 
N-O I 



,_J*-S=0 



B13 -NHSOj 



Pr H MB -NCOjl-Bu H 

O . Mb 

I 

Pr H H -NCOji-Bu H 



F 

-to- 



BZl 
i 

B14 -NJEOj — U //HF p r H H -NCOji-Bu MB 



BU 

Bn5 -NHSQa— Pr H H -NCOPh H 
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TABLE B (Cont. ) 



10 Conpound 
No. 

B16 

« B17 
B18 

so 



R 1 Rl 

-SC^NHCOzEt Pr 

-SCfeNHCOji-Pr Pr 

-SP2NHPO(OEt) 2 Pr 



R 7 « R 7b R 8 * R ab 

H H iPr H 

H H iPr H 

H . H iPr H 
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IABLEL£ 

Further exemplifications of this embodiment 

include: 




s x 


B* 


E 2 


Pr 


butyl 


N02- 


Pr 


butyl 


NH2- 


Pr 


butyl 


BuNHCONH- 


Pr 


butyl 


EtNHCONH- 


Pr 


2-dimethyaminoethyl 


EtNHCONH- 


Bu 


butyl 


iPrN(Me )CONH- 


Pr 


butyl 


iPrNHCONH- 


Pr 


propyl 


iPrNHCONH- 


Pr 


pentyl 


iPrNHCONH- 


Pr 


butyl 


MeNHCONH- 


Pr 


3 -methyl butyl 


EtNHCONH- 


Pr 


3-methylbutyl 


MeNHCONH- 


Pr 


butyl 


EtNHCONH- 


Pr 


2-cyclopropylethyl 


EtNHCONH- 


Pr 


3,3-dimethylbutyl 


EtNHCONH- 


Bu 


pentyl 


iPrNHCONH- 


Bu 


butyl 


iPrNECONH- 


Bu 


2-methoxyethyl 


iPrNHCONH- 


Pr 


3-methylbutyl 


PhCO- 


Pr 


3-methylbutyl 


Me 2 NCONH- 
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10 



15 



20 



25 



30 



35 
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45 



Pr 3-methylbutyl 

Pr 3-methylbutyl 

Pr 3-methylbutyl 

Bu 3 , 3-d imethylbutyl 

Pr 2-cyclopropylethyl 

Bu butyl 

Pr 3 , 3-d imethylbutyl 

Bu butyl 

Pr 3-methylbutyl 

Bu butyl 

Pr 3 f 3-d imethylbutyl 

Pr 3 , 3-d imethylbutyl 

Bu 2-cyclopropylethyl 

Pr butyl 

Pr 3 , 3-d imethylbutyl 

Bu 2-cyclopropylethyl 

Bu 3, 3-d imethylbutyl 

Et 2-cyclopentylethyl 

Pr 3-methylbutyl 

Pr 3-methylbuten-2-yl 

Bu 2-cyclopropylethyl 

Bu 3-methylbutyl 

i-Bu 3-methylbutyl 

c-PrCH 2 3-methylbutyl 

n-Pn 3-methylbutyl 

Bu 2-cyclopropylethyl 

Bu 3-methylbutyl 

Bu 3-methylbutyl 

Bu 3-methylbutyl 

Bu 3-methylbutyl 

Bu 3 , 3-d imethylbutyl 

Bu 2-methoxyethyl 



4-H0-PhC0NH- 
4-MeO-PhCONH- 
4-Me 2 N-PhC0NH- 
PhCONH- 
2-FurylCONH- 
HOCH 2 CH 2 CONH- 
-NHC0CH 2 CH 2 C00H 
-NHC0CH 2 C00H 
Me 2 NCH 2 CH 2 CONH- 
Me 2 NC(N)NH- 
(4-cPrC0-piperazinyl)-C0NH 
(4-Me-piperazinyl)-C0-NH 
morpholinylCONH- 
PrOCONH- 
H 2 NCONH- 
HOCH 2 CONH- 
4-pyridylCONH- 
EtNHCONH- 
MeNHCONH- 
EtNHCONH- 
EtNHCONH- 
EtNHCONH- 
EtNHCONH- 
EtNHCONH- 
EtNHCONH- 
MeNHCONH- 
MeNHCONH- 
Et 2 NCONH- 
i-PrNHCONH- 
EtNMeCONH- 
MeNHCONH- 
EtNHCONH- 



50 
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Bu 


Z— eunuxy e unyx 


EtNHCONH- 


Bu 


Z— isopropoxyetnyx 


LiLliUuUllIl 


Bu 


Z-isopropoxyetnyi 


ricii a w vaia— 


Pr 


2-cyclopropylpropyx 


MPT fiTJR— 


Pr 


Butyl 


z— pynayx— 


Pr 


Butyl 


j-pyr iayx- 


Pr 


Butyl 


4-ne-rn- 


Pr 


Butyl 


-metnyxv.piperazinyx— in— 






acetyx / 


Pr 


Butyl 


ffl At u«»l / n i' npf a7i' nvl — M — 






cycxopropyxcar ouny x y 


Pr 


Butyl 


K^rl /Ml _imi vl ^ 

— mernyx v^x—iiDi Qo.au xyx y 


Pr 


i-pentyl 


z— py r i ay x— 


Pr 


i-pentyl 


j pyi xuy x— 


Pr 


butyl 


— nn \ pen uy x / 


Pr 


benzyl 


Xi u n a u u wa — 


Pr 


benzyl 


M£»MWr , nMTT— 
neriAUUiiA— 


Pr 


2-methoxybenzyl 


EtrmuUWn— 


Pr 


2-chlorobenzyl 


EtWACUWA— 


Pr 


2-ethylbenzyl 


neNHOONA— 


Pr 


1 , 1-dimethylbutyl 


EtNACUNH— 


Bu 


1,1, 3-tnmethyl butyl 


EtNHCONH- 


Pr 


butyl 


N— pyrroiiainetuwA 


Pr 


3-methylbutyl 


N— qn ' — cycxopropyx— 






caroonyxpiperazinyx /— 






CUTiA— 


Pr 


butyl 


N-CN'-methyl- 






piperazinyl)-CONH- 


Pr 


cy c lop r opy lmet hy 1 


EtNHCONH- 


Pr 


butyl 


i-PrNHCONH- 
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TAB IE D 

Still further exemplifications of this 
embodiment include: 



O H 




"CO,R y 



Pr 
Et 
EtO 



B* 
Pr 
Bu 
Pr 



i-Pr Pr 



butyl 
ethyl 
butyl 

3-methylbutyl 



EtNHCONH- 
EtNHCONH- 
iPrN(Me)CONH- 
EtNHCONH- 



In a third embodiment ate those compounds of formula (I) wherein: 
Kis-C(=NR22)-; 

J and L are connected together to form a 6 carbon aromatic ring substituted with F7; R n , R*» and R«>; 
and, the class and sub-class of this embodiment are as defined above. 

Exemplifying this embodiment are the compounds of the Formula IV shown in Table E: 
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15 
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TABLE E 



Corrpound 

No. R 1 

CI -SOjNHDH 

C2 -SOaNHSO^Ph 

C3 -SOjNHSC^Ma 

C4 -S0 2 NHS0 2 -< 

C5 W 
rf N-SO 

C6 >(^S*-Ph 

C7 -NH-C-C0 2 H 
O 



C8 -S0 2 NHS0 2 "< 

C9 -S< 



O 
II 



CIO 



30 n sS-N-H 



O 
N-O 



C1 1 



C12 



<0 O 



-^^-NHSOjPh 



C1 3 -NHSOj 
ABBREVIATIONS USED IN SCHEMES 



ft 

R 


R 7a 


_7b 
R 


K 










Pr 


MB 


H 


i-Pr 


Bu 


Ma 


Mb 


H 


Pr 


H 


H 


i-Pr 


Pr 


H 


Ms 


Ms 


Pr 


H 


H 


i-Pr 


Pr 


H 


H 


Mb 


Bu 


H 


H 


Mb 


Pr 


H 


H 


i-Pr 


Pr 


H 


H 


i-Pr 


Bu 


H 


H 




Pr 


H 


H 


Mb 


Pr 


H 


H 


i-Pr 


Pr 


H 


H 


i-Pr 



DMAP 


Dimethyiaminopyridine 


50 -OTs 


p-toluenesulphonate 


-OTf 


Trifluoromethanesutfonate 


DMF 


Dimethylformamide 


DBU 


1 ,8-Diazabicyclo[5.4.0]u ndecane 


FABMS 


Fast Atom bombardment mass spectroscopy 


55 THF 


Tetrahydrofuran 


DMSO 


Dimethytsulfoxide 


EtAc 


Ethyl acetate 


HOAc 


Acetic Acid 
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TFA Trifluoroacetic acid. 

Scheme 1 illustrates the preparation of 1,2-disubstituted quinazolin-4(1H)-ones of Formula 1 wherein J = 
~C(Oy and E is a single bond. An appropriately substituted anthranilonitrile is acylated using the requisite acyl 
chloride. The resulting amide is alkylated with sodium hydride and the appropriate alkyl halide (or pseudoha- 
lide). The resulting tertiary amide is then rearranged/cydized with basic hydrogen peroxide 1 . 2-Substituted qui- 
nazolin-4-(1H)-ones 6 wherein E is a single bond and K is -C(O)- may be prepared from substituted anthrani- 
lonitriles as described in Scheme 1 . The appropriately substituted anthranilonitrile is acylated using the requisite 
acyl chloride to give 2 then cyciized with basic hydrogen peroxide to give 6. 
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SCHEME 2 
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4a 




lai R'= -cooccch^ 
7 b; R 1 = CN 
7c; R 1 = N02 

NiCPPh 3 ) 2 Cl 2 
or 

PdCPPh 3 ) 4 





9a; R 1 = -COOC(CH 3 ) 3 
9b; R 1 = CN 
9c; R 1 = -NOa 



8a; R 1 = -COOC(CH3) 3 
8 b; R 1 = CN 
8c; R' = N0 2 



The benzyl halides (3) including alkylating agents 9a and 9b (Reaction Scheme 2) can be prepared as de- 
scribed in European Patent Applications 253,310 and 291,969 and the references cited therein. However, a 
preferred method to prepare the biphenyi precursors 8^ 8b and 8c using Ni(0) or Pd(O) catalyzed cross- 
coupling reaction [E. Negishi, T. Takahashi, and A. O. King, Org. Synthesis. 66, 67 (1987)] is outlined in Re- 
action Scheme 2 (for other alkylating agents, see Schemes 16 and 17). As shown in Reaction Scheme 2, treat- 
ment of 4-bromotoluene (4a) with t-BuLi, followed by the addition of a solution of ZnCI 2 , produces the organo- 
zinc compound (6a). Compound (6a) is then coupled with 7a or 7b in the presence of Ni(PPh 3 ) 2 CI 2 catalyst to 
produce the desired biphenyi compound 8a or 8b (PPh 3 =triphenylphosphine). Similarily, 1-iodo-2-nitro- 
benzene (7c) is coupled with organo-zinc compound 6a in the presence of Pd(PPh 3 ) 4 catalyst [prepared by 
treating CI 2 Pd(PPh 3 )2 with (hBu)2AIH (2 equiv.)] to give the biphenyi compound 8c. These precursors, 8a, 8b 
and 8c, are then transformed into halomethyibiphenyi derivatives 9a, 9b and 9c, respectively, according to pro- 
cedures described in European Patent Applications 253,310 and 291,969. 

When there is additional substitution on the second phenyl ring (R 28 , R 2b = hydrogen) the preferred method 
to prepare the biphenyi precursors 8d and 8e, using the Pd(0) catalyzed cross-coupling reaction [J. K. Stille, 
Angew, Chem. Int. Ed. Engl. . 25, 508 (1986)], is outlined in reaction Scheme 2a. (Similar chemistry may be 
applied to the alkylating agents of the type outlined in Schemes 16 and 17). As shown in reaction Scheme 2a, 
p-tolyltrimethyltin (6a) is coupled with 7d or 7e in refluxing toluene in the presence of 5 mole % of Pd(PPh3) 4 
to produce the desired biphenyi compounds 8d and 8e. Table I illustrates the synthetic utility of this protocol. 
Compounds 8d (R 2 = NOJ and 8e (R 2 = NO^ could be converted to their respective chlorides by catalytic hy- 
drogenation, diazotization and treatment with copper (I) chloride. The biphenyi fluorides which could not be ob- 
tained by direct coupling to a fluoro arylbromide were prepared from 8d (R 2 = IMOJ and 8e (R 2 = NCy via re- 
duction, formation of the diazonium tetrafluoroborate salt and thermal decomposition. These precursors 8d (R 2 
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= N02 or F or CI) and 8e (R* = NOa or F or CI) are then transformed into the halomethyl biphenyl derivatives 
9d and 9e respectively according to the procedures described in European Patent Applications 253,310 and 
292,969. 

pBACTTflW SCHEME 2a 




X 



Pd(PPh 3 ) 4 



toluona 6 



7d: X«Br R 1 • CM or CO,Mi 
R 2 ■ NO, or F 

7o: X«CI R 1 n CK or COjMb 
R 2 r HO, or F 




8* R 1 a COjMi 

R 2 * NO, or F 

to R 1 » CN 

R* e NOj or F 




Pd: R 1 » CO, Mb 

R 2 1 NO, or F or CI 



0o: R = CK 



r 2 » no, or F or CI 
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T3 
H 



H H H H H H H. 
h ^ n o ^ ^ N 
h h CO h 1^ vo vo 



M 
rH 
H 



OJ 

t 

tn 



I' 

rC 

Pi 





0) 
00 



00 



(D 

r> 



T3 

r> 



1 

CM 
- *3 



S3 

O 
Wl 



~ 3 ~ ~ ~ 

3 S <* S 3 

o w o o o 

4J ^ «P -P -P 

W M W M W 

8 5 8 8 8 

td h td td tt 



a o 

< < 

o o 

w w 

w w 



m m tn in m 



in M 

rH CM rH i-l fH 

S^r ^ W N-^ 

m n n n ^ 

n vO ^ N N 



o 

St <t 



o o o o o o 



/^v O ^ o o 

O O *-» O O M M 

M M O M M O O 

4J 4J 3 -M -M 3 P 

•r4 »H rH *rH rH rH 

I I I J J J J 

n <t ^ m o ^ m 

V> S-/ N-^ 

SI wl S| 53 3 <£| «3 



CM 
O 

w w tn W S5 w w 

CM 

o 

w w w ss w td n 




CM 

i*g W § N W W Pm W 

CM 

<tJ O 

P3 SS W W W W W til 



a) 0) 0) a> 

se » * X 

CM CM CM CM ^ 

rH OS3000&S5 
(4 UUOCJUUU 



M u U rH M M rH 

« CQ pq U W W U 



Scheme 3 shows an alternate preparation of 2-substituted quinazolin-4(3H)-ones (6) starting with the cor- 
responding anthranilic acid. The appropriately substituted anthranilic acid (10) is treated with two equivalents 
of the requisite acyi chloride in DM F with triethyiamine and DMAP at 0°C. This is then heated to 1 1 0°C for two 
hours after which time excess ammonium carbonate is added. 2 
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SCHEME 3 




R 



,7b 



COOH 



-R 0 ° 



,7b 



DMAP, DMF, heat 
then excess 



R fl COCl, Et,N 




R 8b 



R 8 * 



(10) 



H 



C6> 



Scheme 4 illustrates the general preparation of 2,3-disubstituted quinazolin-4(3H)-ones (11a) of formula 
(I) wherein E is a single bond and K is -C(O)-. An appropriately substituted 2-substituted quinazolin-4(1H)-one 
(6) (see Scheme 1 or Scheme 3) is alkylated using sodium hydride and the appropriate alkyl halide (or pseu- 
dohalide). This reaction sometimes gives some O-alkyiated product, generally less than 20% of the isolated 
reaction products. 
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SCHEME 4 



10 



15 



20 



25 



30 



35 




(1la) 

R a = fully protected precursor of R 1 
45 A * (1) NaH, DMF or 

(2) NaOH, PhCH 2 N + Me 3 ~OH > toluene. 

Schemes 5, 6, and 7 provide an alternate route to compounds of Formula (1) (lib) wherein E is a single 
so bond, K is -0(0)-, and r is 1 or 2. 

Two methods for preparing 3,1,4-benzoxazones (12) are illustrated in Scheme 5 . Substituted anthranilic 
acids (10) may be acylated and cyclized by heating them in DMF with an acyl chloride, triethyiamine and DMAP. 3 
Alternatively, they may also be prepared by heating an appropriately substituted anthranil (13) with an acyl 
chloride in pyridine. 4 

55 The necessary alkyi amine may then be prepared from the alky! halide (or pseudohalide) using the standard 
literature procedures (Scheme 6) 5 . The amine where r = 2 may be prepared from (9a-e) using procedures known 
to those skilled in the art where appropriate protecting groups are used for R 1 , R 2 * R 2b , R 3 * and R* Then the 
amine and the 3,1 ,4-benzoxazone are heated together to give the desired 2,3-disubstituted quinazolinone (lib) 
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(Scheme 7) . Removal of the protecting group and/or further elaboration of R a provides the desired analogs bear- 
ing R 1 . 

SCHEME 5 




00 

for r a 1: 

a) LiNj/DhCO 

b) PCPh) 3 , H,0 
for r = 2: 

a) Na*"CH a K0 3t DMF 

b) Ha. 1 09W/C 
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SCHEME 7 




Substituted 2-a!kylthioquinazolin-4(3H)-ones wherein K is -C(O)- and E is -S- (15) may be prepared from 
their corresponding substituted anthranilic acids as shown in Scheme 8 . The amine (14) from Scheme 6 can 
be converted to its isothiocyanate (16) upon treatment with thiophosgene. This may then be reacted with an 
appropriately substituted anthranilic acid to give the desired 3-alkyl-2^mercapto-quinazolin-4(3H)-one.(17) 6 A 
second alkylation of the mercapto group then gives the desired 2-alkylthio-3-alkyiquinazolin-4(3H)-one.(15) 7 
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SCHEME 8 




Similarly, 2-alkoxyquinazolin-4(3H)-ones wherein K is -C(0>- and E is -O- may be prepared from their cor- 
so responding substituted anthranQic acids as shown in Scheme 9. 8 Alkyfation with the appropriate aJkyt hafide 
9a-e according to the methods developed by Lange and Sheibley 9 then gives the final product 19. 
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SCHEME 9 



10 




(10) 



R*-OH 



CN 



HN" OR 6 
in 

R*-OH 




(18) 



15 



20 



25 



Base 



30 





(19) 



40 



Scheme 10 illustrates a route to the Isomeric 1,2-disubstituted quinazolln-4(1H)-ones (20) wherein J Is - 
C(0)- and where E is S or O. An anthranilonitrile 1 is acylated with an alkyl haloformate or an aikylthiol halo- 
formate to give 21 . 10 This may then be deprotonated and alkylated with the appropriate alkyl halide to give the 
intermediate carbamate nitrife 22. 11 Conversion of the intermediate then occurs when the material is treated 
with basic hydrogen peroxide to yield the desired product 20. 
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SCHEME 10 




(20) 

45 

E s o or 8 



Scheme 1 1 illustrates the method by which a 2-amino-3-alkylquinazolinone 23 can be made. The 2-mer- 
captoquinazolinone (17) shown in Scheme 8 can be treated with sulfuryl chloride to give the corresponding 2- 
60 chtoroquinazolinone 24. 12 Displacement of the chloride with an R 6 amine then gives 23 with E = NH. 13 
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SCHEtfE II 




Scheme 12 illustrates the method by which a 2-amino-1-alkylquinazolinone 25 can be made. The products 
40 from Scheme 10 where E is sulfur (20) can be used as a synthetic intermediate if the initial R* is a protecting 
group such as benzyl or t-butyl. 14 Deprotection and subjection of the resulting 2-mercapto-1-alkyl-quinazoli- 
none to the same conditions used in Scheme 11 will result in the formation of the desired 2-amino-1-alkylqui- 
nazolinone. Alternatively, the sulfide may be displaced directly by an R 6 amine as shown in Scheme 13 (R«-S- 
and R 8 -NH2 may or may not have the same R 6 ). 

45 



50 
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SCHEME 12 



5 



10 



15 



20 



25 




(26) (25) 



30 

SCHEME 13 



35 J 



40 



45 



50 




C20) (25) 

55 Scheme 14 illustrates the method by which a quinazolin-4(3H)-imine 27 may be prepared. A 3-substituted 
or unsubstituted quinazolin-4(3H)-one 28 can be converted to a quinazofin-4(3H)-thR>ne 29 by the action of 
Lewesson's reagent Addition of amine and heating will result in the formation of an tmine 27 as shown. 
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SCHEME 14 




Compounds of formula I where R 1 is 

6 

-CONHP-R 26 

may be prepared from the corresponding carboxylic acid derivatives (I) as outlined in Scheme 15 . The carbox- 
ylic acid (I), obtained as described in Scheme 1. can be converted into the corresponding amide by treatment 
with carbonyldiimidazole and then with ammonia. The resulting amide then can be treated with sodium hydride 
or n-butyilithium in THF at -20°C followed by an appropriately substituted phosphonyl or phosphinyl halide to 
form the desired compounds (30). 
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SCHEME 15 




I 

1 . Car bonyldiinrldozole/NHj T ^ 



2. BuLi. -20°C in THF/ 
O 




30 



The biaryi sulfonamides (36) and (41) , precursors for the alkylating agent 37, can be prepared from appro- 
priate aryl-organotin precursors using palladium(O) catalyzed cross-coupling reactions [J. K. Stilie, Pure AppL. 
Chem.. 57, 1771 (1985); T. R. Baiely, Tetra Lett . 27, 4407 (1986); D. A. Widdowson and Y. Z. Zhang, Tetra- 
hedron. 42, 21 1 1 (1986)], as outlined in Schemes 16 and 17. The organotin compound (33) [S. m. Moerlein, 
J. Organomettalic Chem., 319. 29 (1987)], obtained from the aromatic precursors (31 or 32), may be coupled 
with aryl sulfonamide (35) using Pd(PPh 3 )4 or (PPh 3 ) 2 Pda 2 as catalysts to give biaryi sulfonamide 36. Similarly, 
the biphenylmethyl bromide (37) may be alternatively prepared from the appropriate organotin precursor (40) 
using the Pd(0) catalyzed cross-coupling reaction as outlined in Scheme 17 . 
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33 + 35. 



NH-t-Bu 



35 





0 2 NH-t-Bu x ^ / SQ 2 NH-t-Bu 
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a. i) t-BuLi/ether, -78°C ii) Me 3 SnCl 

b. i) NaN0 2 /HCl ii) S0 2 / CuCl 2 (iii) 
t-butylamine 

c. Pd(PPh 3 ) 4 , Toluene or (PPh 3 ) 2 PdCl 2 . DMF, Heat 

d. NBS/CC1 4 , AIBN, Reflux 
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SPHEME 17 




37 



a. t-BuMe 2 Si-Cl/Imidazole, DMF 

b. t-BuLi, -78°C, Me 3 SnCl 

c. Tetrabutylaramonium fluoride 

d. CBr 4 /Ph 3 P. 

Compounds of formula I where R 1 is -S02NHS02R 23 may be prepared from the key sulfonamide intermedi- 
ate 42 as outlined in Scheme 18 . The intermediate 42 may be prepared by the alkylation of appropriate het- 
erocycles with the alkylating agent 37 as outlined in Scheme 1 . Treatment of 42 with trifluoroacetic acid followed 
by acytation of the resulting sulfonamide 43 with appropriate sulfonyl chlorides may produce the desired com- 
pounds (44). 
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1) TFA 

2) NaHCOg 
0 2 NHC(CH 3 ) 3 



42 





Q 2 NH 2 
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0 2 NHS0 2 P 23 



44 



a. i) NaH/THF or DMF (ii) R 23 S0 2 C1 

b. R 23 S0 2 C1, DBU, THF 

Compounds of Formula (I) wherein R 1 is -SOzNHCOjR 23 may be prepared by reacting an appropriate chlor- 
oformate with the sulfonamide (43) in pyridine or in the presence of DBU in THF to afford the desired compound 
(45). as outlined in Scheme 19 . 
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a 



0 2 NHj 




O2NHCO2R 23 
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45 



a. R^OCCl, pyridine or DBU. THF 



Compounds of Formula (I) wherein R 1 is 



S0 2 NH-P-R 



26 



26 



may be prepared by treating sulfonamide (43) with n-butyllithium in THF followed by the treatment of the re- 
sulting anion with an appropriately substituted phosphonyl or phosphinyl halide to form the desired compounds 
(46). (Scheme 20) 
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SOjNHP-R 2 
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It 



a- BuLi, -20°C in THF/X-PR 2 



Compounds of Formula (I) wherein R 1 is S0 2 NHS0 2 N(R 4 )(R 9 ) or 



-S0 2 NH5O 2 -N^ Z 



may also be prepared from sulfonamide (43) as outlined in Scheme 21 . Treatment of 43 with n-butyllithium in 
THF at -25°C and then with an appropriate sulfamoyl halide may produce the desired product (47) or (48). 
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a, b 



- * II 
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S02NHS02R" J?* 

47 R=-N^ 9 

48 R* = -nQz 



a. nBuLi. -25°C in THF 

b. R* S0 2 C1 

30 Compounds of Formula (I) wherein R 1 is -NHSOjNHSC^R 23 or 

0 

-NHS0 2 NH-P-R 26 

R 26 

may be prepared from arylamine (50) as outlined in Scheme 22 . The arylamine (50) obtained from the corre- 
sponding nitro compound 49 can be treated with t-butyisulfamoyl chloride to afford the protected amino sulfo- 
namide (51). The amino sulfonamide (52) obtained after removal of the t-butyt protecting group may then be 
40 reacted with an appropriate acyiating agent in the presence of a base such as pyridine or DBU in an organic 
solvent such as THF or DMF to form the desired products (53a) or (53b) . 

Compounds of the Formula (I) wherein R 1 is -NHSO2R 23 may be prepared by the reaction of an appropriate 
sulfonyl halide (R 23 S0 2 CI) or sulfonyt imidazole derivative with the aryl amine 50 in the presence of an appro- 
priate base such as pyridine, triethyiamine or DBU. 
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49 CR'-NO^ 

50 (R^NHj) CF 3 COOH 



OjNHt-Bu 




0,NHR 
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— 53a_ R* s-SOjR 23 



53b R* =-P-R" 
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Compounds of Formula (I) and the benzyl halides of the formula (59) wherein R 1 is 1 ,2,3,5-oxathiadiazole- 
2-oxide may be prepared from the corresponding cyano derivative (45) or cyanb precursor (8b) as outlined in 
Schemes 23 and 24, respectively utilizing procedures described in U.S. Patent 4,910,019. The cyano deriva- 
tives (54), obtained as described in Scheme 1, can be converted into the corresponding amidoxime (55) by 
treatment with hydroxylamine hydrochloride and sodium methoxide in an organic solvent, such as methanol 
or DMSO. The amidoxime (55) then can be treated with base and thionyl chloride in an aprotic solvent to form 
the desired 1,2,3,5-oxathiadiazole-2-oxide (56). Similarly, the oxathiadiazole-2.2-dioxide 56a can be prepared 
by treatment of amidoxime 55 with a base and sulfuryl chloride. As shown in Scheme 24 , the cyano precursor 
(8b) may be converted into the desired 1,2,3,5-oxathiadiazole (58) which is then protected with the trityl group 
prior to the formation of the desired benzyl halide (59). The protecting group is removed subsequent to the al- 
kylation of heterocycle (1 ) to give the desired product (56). 
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35 

Compounds of Formula (I) and the benzyl halides of the formula (3) wherein R 1 is 1,2,3,5-thiatriazole-1- 
oxide may be prepared from the corresponding precursors 60 or 65 as outlined in Schemes 25 and 26 , respec- 
tively. Intermediate 65 may be prepared from the biphenyl 8a according to the scheme illustrated (see proce- 
dures in U.S. Patent No. 4,870,186). Intermediates (61) and (66) can be treated with SOCI 2 (see procedures 

40 in: Ber. Deutsch, Chem. Ges. 1971, 104 pp 639) to give intermediates, (62) and (67). Bromination of the N- 
protected compounds (62) and (67) provides intermediates 64 and 68 respectively. After alkylation with an ap- 
propriate heterocycle, the trityl group of the intermediate derived from 64 is removed with protic acid and the 
cyanoethyl group of the intermediate derived from 68 is removed upon treatment with hydroxide. Alternatively, 
(64) and (68) may be prepared as shown in Scheme 27 and 28 . Treatment of (65) with SOCfe (see procedures 

45 in: Ber. Deutsch. Chem. Ges. 1 971 , 1 04 pp 639) provides (70), which under mild hydrolytic conditions provides 
(62). The conversion of (62) to (64) is as described for Scheme 25 . Alkylation of the trityl protected analog (71) 
by treatment with a base such as NaH and an alkyl halide would provide (63), which then may be converted 
to (68) as previously described. 
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1 -dioxane 



SOCl 2 

pyridine 

CHjCla 
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Compounds of Formula (I) and the benzyl halides of formula (2) wherein R 1 Is 1,2,3,5-thiatriazole-1,1-di- 
oxide-4-yl may be prepared using procedures described in Monatsh. Chem., 1985, 116, pp 1321 and described 
herein. Sequential treatment of intermediates such as (65) or (61 ) with n-BuLi and S0 2 F 2 will provide the 1 ,2,3,5- 
thiatriazoM ,1 -dioxide analogs of (62) and (66)i Further elaboration of the afore mentioned analogs by the meth- 
ods described for the conversion of (62) to (66) in Scheme 25 and the methods described for the conversion 
of (66) to (68) in Scheme 26 would give the benzyl halides of formula (2) wherein R 1 is 2-triphenylmethyM, 2,3,5- 
thiatriazole-1,1-dioxide-4-yl and 5-triphenylmethyl-1,2,3,5-thiatriazole-1 f 1-dioxide-4-yl, respectively. 

Compound of Formula (I) wherein R 1 is 3-oxo-1 ,2,4-thiadiazolidine-1 ,1-dioxide may be prepared from the 
nitro derivative (8c) as outlined in Scheme 29 . The amino compound 72 obtained from 8c may be reacted with 
t-butyl sulfamoylchloride to form the intermediate 73, which then can be alkylated with an appropriate bromoa- 
cetic acid derivative to give 74- Treatment of 74 with trifluoroacetic acid followed by the treatment with an ap- 
propriate base such as sodium or potassium alkoxide may produce the desired compound 75, which can be 
elaborated further to give the key alkylating agent 77 as outlined in the scheme. Alkylation of an appropriate 
heterocyclic compound with 77 may then furnish the desired antagonist. 
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p27 F* 7 

y-COOR 1 
•NSQjNHt-Bu 
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NBS, AIBN 
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Compound of Formula (i) wherein R 1 is 5-aminosulfonyl-1,2,4-oxadiazole may be prepared using the bro- 
momethyl bipheny! derivative 81 and an appropriate heterocyclic compound. The synthesis of tn can be ac- 
complished as outlined in Scheme 30. The amidoxime 57 may be reacted with S- methyl isothiourea to form the 
S-arnino-l^-oxadiazole 78, which can be then treated with an appropriate sutfbnylchloride to give the cor- 
responding 5-aminosulfbnyM,2,4-oxadiazole 79. The appropriately protected derivative 80 then can be bro- 
minated to form the desired alkylating agent 81.. 
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Compounds of Formula (I) wherein R 1 is S-aminosulfonyM^Aoxadiazole can be prepared starting from 
the carboxylate derivative (8a) as outlined in Scheme 31 . The ester derivative 82 obtained from 8a is treated 
with N-hydroxy guanidine sulfate in the presence of an alkoxide base to form the 3-amino-1 ,2,4-oxadiazole der- 
ivative 83, which may be reacted with an appropriate sulfonyl chloride to give the 3-aminosulfbnyM ,2,4-oxa- 
diazole compound 84. The compound 85 can be prepared from 48 as outlined in Scheme 31 . 
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Compounds of Formula (I) and the benzyl halides of formula (2) wherein R 1 is 1,2,3-oxathiazin-4(3H)-one- 
2,2-dioxide-6-yi may be prepared as outlined in Scheme 32 . As shown and according to procedures in Angew. 
Chem. Int Edn. t (1973), 12, pp 869, the betaketoester (86) is treated with fluorosulphonyi isocyante, heated 
to extrude CO2 and iso-butene, then treated with base such as KOH to form the oxathiazolinone dioxide inter- 
mediate (87). Treatment of (87) with triphenylmethyt chloride and triethyiamine in Cri 2 d 2 gives (88) which in 
turn is converted to benzyl halide (89) by treatment with N-bromosuccinimide, AIBN, in CCI 4 at reflux. 
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Compounds of Formula (I) wherein R 1 is oxamic acid may be prepared utilizing procedures described in 
J. Med. Chem., 1 981 , 24, pp 742-748 and as outlined in Scheme 33 . The amine (50) is reacted with ethyl oxaiyi 
chloride in the presence of a base such as pyridine or triethylamine and a solvent such as CH 2 CI 2 to form the 
intermediate oxalyl ester which is subsequently saponified with hydroxide to form oxamic acid (90). 
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90 



Compounds of Formula (I) wherein R 1 is -S0 2 NR 25 OR 25 may be prepared as outlined in Scheme 34 . The 
key intermediate 93 is prepared by the reaction of an appropriate heterocyclic compound (1), preferably as an 
alkali metal salt, with the alkylating agent 91 (prepared from 40). The compound 95, prepared from the sutfonyl 
chloride 94 and O-t-butyihydroxylamine, is then reacted with 93 in the presence of a Pd(0) catalyst to give 96. 
Removal of the t-butyl protecting group produces the desired N-hydroxy sulfonamide 97. 
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20 94 95 



25 93_ 
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so Heat YPfl S0 2 NH-OtBu 
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S0 2 NHOH 



50 Further functionalization of compounds of Formula 1 where R 8 " or R 8b is nitro is available through the fol- 
lowing route (Scheme 35) . The nitro group of 98 may be reduced to the amine 99 by reduction with hydrogen 
over palladium on carbon. The amine may then be acylated with acid chlorides to give amides under basic con- 
ditions. The acylation of the amine with chloroformates is best carried out in the presence of sodium hydride 
to form the anilinium anion. This anion reacts quickly with chloroformates to give the carbamates 100 . The 

55 amine reacts slowly with isocyanates to give ureas 101 . Trisubstituted ureas 102 may be prepared from the 
benzyl carbamate 100 (R 23 = benzyl) by treatment with the magnesium salt of a secondary amine. The amine 
may be further derivatized or converted to other groups by means of chemical procedures well known to those 
skilled in the art 
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a. H 2 , 109£>d/C, Et Ac 
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b. NaH, ClCOR 23 , DMF 

c. R 23 NCO, CH 2 C1 2 

d. MsMgBr, R 4 NHR 23 , THF, reflux 
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It will be appreciated by those skilled in the art that functional group transformations can be conducted on 
aryl and heterocyclic rings to afford desired analogs. For example, esters may be converted to amides by heat- 

25 ing them with amines and an amide nitrogen if present in the heterocycle may be alkylated using bases such 
as sodium hydride in DMF with the appropriate alkyff halide. Functional group protection throughout these syn- 
theses will be chosen to be compatible with subsequent reaction conditions. Ultimately such protecting groups 
will be removed to generate the desired optimally active compounds of Formula I. For example, R 1 as carboxyl 
is often protected as its t-butyl ester which in the last step is removed by treatment with trifluoroacetic acid. 

30 The compounds of this invention form salts with various inorganic and organic acids and bases which are 
also within the scope of the invention. Such salts include ammonium salts, alkali metal salts like sodium and 
potassium salts, alkaline earth metal salts like the calcium and magnesium salts, salts with organic bases; e.g., 
dicyclohexylamine salts, N-methyi-D-glucamine, salts with amino acids like arginine, lysine, and the like. Also, 
salts with organic and inorganic acids may be prepared; e.g., HCI. HBr, H2SO4, H 3 P0 4 , methane-sulfonlc, tol- 

35 uene-sultbnic, maleic, fumaric, camphorsultbnic. The non-toxic, physiologically, acceptable salts are preferred, 
although other salts are also useful; e.g., in isolating or purifying the product 

The salts can be formed by conventional means such as by reacting the free acid or free base forms of 
the product with one or more equivalents of the appropriate base or acid in a solvent or medium in which the 
salt is insoluble, or in a solvent such as water which is then removed in vacuo or by freeze-drying or by ex- 

40 changing the cations of an existing salt for another cation on a suitable ion exchange resin. 

Angiotensin II (All) is a powerful arterial vasoconstrictor, and it exerts its action by interacting with specific 
receptors present on cell membranes. In order to identify All antagonists and determine their efficacy in vitro , 
the following two ligand-receptor binding assays were established. 

45 Receptor binding assay using rabbit aortae membrane preparation: 

Three frozen rabbit aortae (obtained from Pel-Freeze Biologicals) are suspended in 5mM Tris-0.25M Su- 
crose, pH 7.4 buffer (50 ml) homogenized, and then centrrfuged. The mixture is filtered through a cheesecloth 
and the supernatant is centrifuged for 30 minutes at 20,000 rpm at4°C. The pellet thus obtained is resuspended 

so in 30 ml of 50mM Tris-5 mM MgCfe buffer containing 0.2% Bovine Serum Albumin and 0.2 mg/ml Bacitration 
and the suspension is used for 100 assay tubes. Samples tested for screening are done in duplicate. To the 
membrane preparation (0.25 ml) there is added ^-Sa^liefi-angiotensin II [obtained from New England Nucle- 
ar] (10ul; 20,000 cpm) with or without the test sample and the mixture is incubated at 37°C for 90 minutes. The 
mixture Is then diluted with ice-cold 50mM Tris-0.9% Nad, pH 7.4 (4ml) and ffltered through a glass fiber filter 

55 (GF/B Whatman 2.4" diameter). The filter is soaked in scintillation cocktail (1 0 ml) and counted for radioactivity 
using Packard 2660 Tricarb liquid scintillation counter. The inhibitory concentration (IC50) of a potential All an- 
tagonist which gives 50% displacement of the total specifically bound i26|-Sar 1 IIe 8 -angiotensin II is presented 
as a measure of the efficacy of such compounds as All antagonists. 
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Receptor assay using Bovine adrenal cortex preparation 

Bovine adrenal cortex is selected as the source of All receptor. Weighed tissue (0.1 g is needed for 100 
assay tubes) is suspended in Tris.HCI (50mM), pH 7.7 buffer and homogenized. The homogenate is centrifuged 

5 at 20,000 rpm for 15 minutes. Supernatant is discarded and pellets resuspended in buffer [Na 2 HP0 4 (10mM)- 
NaCI (120mM)-disodium EDTA (5mM) containing phenylmethane sulfbnyl fluoride (PMSF)(0.1mM)]. (For 
screening of compounds, generally duplicates of tubes are used). To the membrane preparation (0.5 ml) there 
is added 3H-angiotensin II (50mM) (10ul) with or without the test sample and the mixture is incubated at 37°C 
for 1 hour. The mixture is then diluted with Tris buffer (4ml) and filtered through a glass fiber filter (GF/B What- 

10 man 2.4" diameter). The filter is soaked in scintillation cocktail (1 0ml) and counted for radioactivity using Pack- 
ard 2660 Tricarb liquid scintillation counter. The inhibitory concentration (\C W ) of a potential All antagonist which 
gives 50% displacement of the total specifically bound 3 H-angiotensin II is presented as a measure of the ef- 
ficacy of such compounds as All antagonists. 

15 Receptor assay using rat brain membrane preparation 

Membranes from rat brain (thalamus, hypothalamus and midbrain) are prepared by homogenization in 50 
mM Tris HCI (pH 7.4), and centrifuged at 50,000 x g. The resulting pellets are washed twice in 100 mM NaCI, 
5 mM Na 2 EDTA, 1 0 mM Na 2 HP0 4 (pH 7.4) and 0.1 mM PmSF by resuspension and centrifugation. For binding 

20 assays, the pellets are resuspended in 160 volumes of binding assay buffer (100 mM Nad, 10 mM Na 2 HP0 4 , 
5 mM Na 2 EDTA, pH 7.4, 0.1 mM PMSF, 0.2 mg/ml soybean trypsin inhibitor, 0.018 mg/ml o-phenanthroline, 
77 mg/ml dithiothreitol and 0.14 mg/ml bacitracin. For ^l.lle^angiotensin II binding assays, 10 uJ of solvent 
(for total binding), SarUle«-angiotensin II (1 uM) (for nonspecific binding) or test compounds (for displacement) 
and 1 0 uJ of F 25 l]Sar 1 ,lle«-angiotensin II (23-46 pM) are added to duplicate tubes. The receptor membrane prep- 

25 aration (500 uJ) is added to each tube to initiate the binding reaction. The reaction mixtures are incubated at 
37°C for 90 minutes. The reaction is then terminated by filtration under reduced pressure through glass-fiber 
GF/B filters and washed immediately 4 times with 4 ml of 5 mM ice-cold Tris HCI (pH 7.6) containing 0.15 M 
NaCI. The radioactivity trapped on the filters is counted using a gamma counter. 

Using the methodology described above, representative compounds of this invention could be evaluated 

30 and an ICgo^O uM determined, thereby demonstrating and confirming the utility of the compounds of the in- 
vention as effective A II antagonists. 

The antihypertensive effects of the compounds described in the present invention may be evaluated using 
the methodology described below: 

Male Charles River Sprague-Dawley rats (300-375 gm) are anesthetized with methohexital (Brevital; 50 

35 mg/kg i.p.) and the trachea is cannulated with PE 205 tubing. A stainless steel pithing rod (1 .5 mm thick, 150 
mm long) is inserted into the orbit of the right eye and down th spinal column. The rats are immediately placed 
on a Harvard Rodent Ventilator (rate - 60 strokes per minute, volumn - 1.1 cc per 100 grams body weight). The 
right carotid artery is ligated, both left and right vagal nerves are cut, and the left carotid artery is cannulated 
with PE 50 tubing for drug administration, and body temperature is maintained at 37°C by a thermostatically 

40 controlled heating pad which received input from a rectal temperature probe. Atropine (1 mg/kg i.v.) is then ad- 
ministered, and 15 minutes later propranolol (1 mg/kg i.v.). Thirty minutes later antagonists of formula I are ad- 
ministered intravenously or orally. Angiotensin II is then typically given at 5, 10, 15, 30, 45 and 60 minute in- 
tervals and every half-hour thereafter for as long as the test compound showed activity. The change in the mean 
arterial blood pressure is recorded for each angiotensin II challenge and the precent inhibition of the angiotensin 

45 II response is calculated. 

The compounds of the invention are useful in treating hypertension. They are also of value in the manage- 
ment of acute and chronic congestive heart failure. These compounds may also be expected to be useful in 
the treatment of secondary hyperaldosteronism, primary and secondary pulmonary hyperaldosteronism, pri- 
mary and secondary pulmonary hypertension, renal failure such as diabetic nephropathy, glomerulonephritis, 

50 scleroderma, glomerular sclerosis, proteinuria of primary renal disease, end stage renal disease, renal trans- 
plant therapy, and the like, renal vascular hypertension, left ventricular dysfunction, diabetic retinopathy and 
in the management of vascular disorders such as migraine, Raynaud's disease, luminal hyperclasia, and to 
minimize the atherosclerotic process. The application of the compounds of this invention for these and similar 
disorders will be apparent to those skilled in the art 

55 The compounds of this invention are also useful to treat elevated intraocular pressure and to enhance re- 
tinal blood flow and can be administered to patients in need of such treatment with typical pharmaceutical for- 
mulations such as tablets, capsules, injectables and the like as well as topical ocular formulations in the form 
of solutions, ointments, inserts, gels, and the like. Pharmaceutical formulations prepared to treat intraocular 
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pressure would typically contain about 0. 1 % to 1 5% by weight, preferably 0.5% to 2% by weight, of a compound 
of this Invention. 

In the management of hypertension and the clinical conditions noted above, the compounds of this inven- 
tion may be utilized in compositions such as tablets, capsules or elixirs for oral administration, suppositories 

5 for rectal administration, sterile solutions orsuspensions for parenteral or intramuscular administration, and the 
like. The compounds of this invention can be administered to patients (animals and human) in need of such 
treatment in dosages that wOl provide optimal pharmaceutical efficacy. Although the dose will vary from patient 
to patient depending upon the nature and severity of disease, the patient's weight, special diets then being fol- 
lowed by a patient, concurrent medication, and other factors which those skilled in the art will recognize, the 

10 dosage range will generally be about 1 to 1000 mg. per patient per day which can be administered in single or 
multiple doses. Perferably, the dosage range will be about 2.5 to 250 mg. per patient per day; more preferably 
about 5 to 150 mg. per patient per day. 

The compounds of this invention can also be administered in combination with other antihypertensives 
and/or diuretics and/or angiotensin converting enzyme inhibitors and/or calcium channel blockers. For example, 

is the compounds of this invention can be given in combination with such compounds as amiloride, atenolol, bend- 
roflumethiazide, chlorothalidone, chlorothiazide, clonidine, cryptenamine acetates and cryptenamine tannates, 
deserpidine, diazoxide, guanethidene sulfate, hydralazine hydrochloride, hydrochlorothiazide, metolazone, 
metoprolol tartate, methyclothiazide, methyldopa, methyldopate hydrochloride, minoxidil, pargyline hydrochlor- 
ide, polythiazide, prazosin, propranolol, rauwolfia serpentina , rescinnamine, reserpine, sodium nitroprusside, 

20 spironolactone, timolol maleate, trichformethiazide, trimethophan camsylate, benzthiazide, quinethazone, ticry- 
nafan, triamterene, acetazolamide, aminophyliine, cyclothiazide, ethacrynic acid, furosemide, merethoxylline 
procaine, sodium ethacrynate, captoprfl, delapril hydrochloride, enalapril, enalaprilat, fosinopril sodium, lisino- 
prfl, pentopril, quinapril hydrochloride, ramapril, teprotide, zofenopril calcium, diflusinal, diltiazem, felodipine, 
nicardipine, nifedipine, niludipine, nimodipine, nisoldipine, nitrendipine, and the like, as well as admixtures and 

25 combinations thereof. 

The useful central nervous system (CNS) activities of the compounds of this invention are demonstrated 
and exemplified by the ensuing assays. 

COGNITIVE FUNCTION ASSAY 

30 

The efficacy of these compounds to enhance cognitive function can be demonstrated in a rat passive avoid- 
ance assay in which cholinomimetics such as physostigmine and nootropic agents are known to be active. In 
this assay, rats are trained to inhibit their natural tendency to enter dark areas. The test apparatus used consists 
of two chambers, one of which is brightly illuminated and the other is dark. Rats are placed in the illuminated 

35 chamber and the elapsed time it takes for them to enter the darkened chamber is recorded. On entering the 
dark chamber, they receive a brief electric shock to the feet. The test animals are pretreated with 0.2 mg/kg of 
the muscarinic antagonist scopolamine which disrupts learning or are treated with scopolamine and the com- 
pound which is to be tested for possible reversal of the scopolamine effect Twenty-four hours later, the rats 
are returned to the illuminated chamber. Upon return to the illuminated chamber, normal young rats who have 

ao been subjected to this training and who have been treated only with control vehicle take longer to re-enter the 
dark chamber than test animals who have been exposed to the apparatus but who have not received a shock. 
Rats treated with scopolamine before training do not show this hesitation when tested 24 hours later. Efficacious 
test compounds can overcome the disruptive effect on learning which scopolamine produces. Typically, com- 
pounds of this invention should be efficacious in this passive avoidance assay in the dose range of from about 

45 0.1 mg/kg to about 100 mg/kg. 

ANXIOLYTIC ASSAY 

The anxiolytic activity of the invention compounds can be demonstrated in a conditioned emotional re- 
so sponse (CER) assay. Diazepam is a clinically useful anxiolytic which is active in this assay. In the CER protocol, 
male Sprague-Dawley rats (250-350 g) are trained to press a lever on a variable interval (VI) 60 second sched- 
ule for food reinforcement in a standard operant chamber over weekly (five days per week) training sessions. 
All animals then receive daily 20 minute conditioning sessions, each session partitioned into alternating 5 min- 
ute light (L) and 2 minute dark (D) periods in a fixed L1 D 1 L2D2L3 sequence. During both periods (L or D), press- 
55 ing a lever delivers food pellets on a VI 60 second schedule: in the dark (D), lever presses also elicit mild foot- 
shock (0.8 mA, 0.5 sec) on an independent shock presentation schedule of VI 20 seconds. Lever pressing is 
suppressed during the dark periods reflecting the formation of a conditioned emotional response (CER). 
Drug testing in this paradigm is carried out under extinction conditions. During extinction, animals learn 
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that responding for food in the dark is no longer punished by shock. Therefore, response rates gradually in- 
crease in the dark periods and animals treated with an anxiolytic drug show a more rapid increase in response 
rate than vehicle treated animals. Compounds of this invention should be efficacious in this test procedure in 
the range of from about 0.1 mg/kg to about 1 00 mg/kg. 

5 

DEPRESSION ASSAY 

The antidepressant activity of the compounds of this invention can be demonstrated in a tail suspension 
test using mice. A clinically useful antidepressant which serves as a positive control in this assay is desipramine. 

10 The method is based on the observations that a mouse suspended by the tail shows alternate periods of agi- 
tation and immobility and that antidepressants modify the balance between these two forms of behavior in favor 
of agitation. Periods of immobility in a 5 minute test period are recorded using a keypad linked to a microcom- 
puter which allows the experimenter to assign to each animal an identity code and to measure latency, duration 
and frequency of immobile periods. Compounds of this invention should be efficacious in this test procedure 

15 in the range of from about 0.1 mg/kg to about 1 00 mg/kg. 

SCHIZOPHRENIA ASSAY 

The antidopaminergic activity of the compounds of this invention can be demonstrated in an apomorphine- 

20 induced sterotypy model. A clinically useful antipsychotic drug that is used as a positive control in this assay 
is haloperidol. The assay method is based upon the observation that stimulation of the dopaminergic system 
in rats produces stereotyped motor behavior. There is a strong correlation between the effectiveness of class- 
ical neuroleptic drugs to block apomorphine-induced stereotypy and to prevent schizophrenic symptoms. Ster- 
eotyped behavior induced by apomorphine, with and without pretreatment with test compounds, is recorded 

25 using a keypad linked to a microcomputer. Compounds of the invention should be efficacious in this assay in 
the range of from about 0.1 mg/kg to about 100 mg/kg. 

In the treatment of the clinical conditions noted above, the compounds of this invention may be utilized in 
compositions such as tablets, capsules or elixirs for oral administration, suppositories for rectal administration, 
sterile solutions or suspensions for parenteral or intramuscular administration, and the like. The compounds 

30 of this invention can be administered to patients (animals and human) in need of such treatment in dosages 
that will provide optimal pharmaceutical efficacy. Although the dose will vary from patient to patient depending 
upon the nature and severity of disease, the patient's weight, special diets then being followed by a patient, 
concurrent medication, and other factors which those skilled in the art will recognize, the dosage range will gen- 
erally be about 5 to 6000 mg. per patient per day which can be administered in single or multiple doses. Per- 

35 ferably, the dosage range will be about 10 to 4000 mg. per patient per day; more preferably about 20 to 2000 
mg. per patient per day. 

In order to obtain maximal enhancement of cognitive function, the compounds of this invention may be com- 
bined with other cognition-enhancing agents. These include acetylcholinesterase inhibitors such as heptylphy- 
sostigmine and tetrahydroacridine (THA; tacrine), muscarinic agonists such as oxotremorine, inhibitors of an- 
40 giotensin-converting enzyme such as octyframipril, captopril, ceranapril, enalapril, lisinopril, fosinopril and zo- 
fenopril, centrally-acting calcium channel blockers and as nimodipine, and nootropic agents such as piracetam. 

In order to achieve optimal anxiolytic activity, the compounds of this invention may be combined with other 
anxiolytic agents such as alprazolam, lorazepam, diazepam, and busipirone. 

In order to achieve optimal antidepressant activity, combinations of the compounds of this invention with 
45 other antidepressants are of use. These include tricyclic antidepressants such as nortriptyline, amitryptyline 
and trazodone, and monoamine oxidase inhibitors such as tranylcypromine. 

In order to obtain maximal antipsychotic activity, the compounds of this invention may be combined with 
other antipsychotic agents such as promethazine, fluphenazine and haloperidol. 

Typically, the individual daily dosages for these combinations can range from about one-fifth of the minl- 
50 mally recommended clinical dosages to the maximum recommended levels for the entities when they are given 
singly. 

To illustrate these combinations, one of the angiotensin II antagonists of this invention effective clinically 
in the 2.5-250 milligrams per day range can be effectively combined at levels at the 0.5-250 milligrams per day 
range with the following compounds at the indicated per day dose range: hydrochlorothiazide (1 5-200 mg) chlor- 
55 othiazide (125-2000 mg), ethacrynic acid (15-200 mg), amiloride (5-20 mg), furosemide (5-80 mg), propranolol 
(20-480 mg), timolol maleate (5-60 mg.), methyldopa (65-2000 mg), felodipine (5-60 mg), nifedipine (5-60 mg), 
and nitrendipine (5-60 mg). In addition, triple drug combinations of hydrochlorothiazide (15-200 mg) plus ami- 
loride (5-20 mg) plus angiotensin II antagonist of this invention (3-200 mg) or hydrochlorothiazide (15-200 mg) 
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plus timolol maleate (5-60) plus an angiotensin II antagonist of this invention (0.5-250 mg) or hydrochlorothia- 
zide (15-200 mg) and nifedipine (5-60 mg) plus an angiotensin II antagonist of this invention (0.5-250 mg) are 
effective combinations to control blood pressure in hypertensive patients. Naturally, these dose ranges can be 
adjusted on a unit basis as necessary to permit divided daily dosage and, as noted above, the dose will vary 
depending on the nature and severity of the disease, weight of patient, special diets and other factors. 

Typically, these combinations can be formulated into pharmaceutical compositions as discussed below. 

About 1 to 1 00 mg. of compound or mixture of compounds of Formula I or a physiologically acceptable salt 
is compounded with a physiologically acceptable vehicle, earner, excipient, binder, preservative, stabOizer, fla- 
vor, etc., in a unit dosage form as called for by accepted pharmaceutical practice. The amount of active sub- 
stance in these compositions or preparations is such that a suitable dosage in the range indicated is obtained. 

Illustrative of the adjuvants which can be incorporated in tablets, capsules and the like are the following: 
a bindersuch as gum tragacanth, acacia, com starch or gelatin; an excipient such as microcrystalline cellulose; 
a disintegrating agent such as com starch, pregelatinized starch, alginic acid and the like; a lubricant such as 
magnesium stearate; a sweetening agent such as sucrose, lactose or saccharin; a flavoring agent such as pep- 
permint, oil of wintergreen or cherry. When the unit dosage unitform is a capsule, it may contain, in addition to 
materials of the above type, a liquid carrier such as fatty oil. Various other materials may be present as coatings 
or to otherwise modify the physical form of the dosage unit For instance, tablets may be coated with shellac, 
sugar or both. A syrup or elixir may contain the active compound, sucrose as a sweetening agent, methyl and 
propyl parabens as preservatives, a dye and a flavoring such as cherry or orange flavor. 

Sterile compositions for injection can be formulated according to conventional pharmaceutical practice by 
dissolving or suspending the active substance in a vehicle such as water for injection, a naturally occuring veg- 
etable oil like sesame oil, coconut oil, peanut oil, cottonseed oil, etc., or a synthetic fatty vehicle like ethyl oleate 
or the like. Buffers, preservatives, antioxidants and the like can be incorporated as required. 

The following examples illustrate the preparation of the compounds of formula (I) and their incorporation 
into pharmaceutical compositions and as such are not to be considered as limiting the invention set forth in the 
claims appended hereto. All 1 H-NMR spectra were recorded on a Varian XL-300 Fourier transform spectrom- 
eter. Chemical shifts are reported as (parts per million) downfield from tetramethy! silane. Mass spectra were 
obtained from the Merck and Co. mass spectral facility in Rahway N.J. Analytical TLC was conducted on E.M. 
Merck precoated silica plates (0.25 mm in glass, Kieselgei 60 F 26 4) with UV visualization. All chromatography 
was conducted on E. M. Merck silica gel. All reactions were carried out under an atmosphere of dry nitrogen 
under standard conditions for those skilled in the art 

PREPARATION OF BIPHENYL SYNTHETIC INTERMEDIATES: 

EXAMPLE 1 

2-t-Butoxycarbonyl-4'-methylbiphenyl 

To a solution of p-bromotoluene (30g) in dry ether (150 ml) at -78°C, a solution of t-BuLI in pentane (1.7M) 
(210 ml) was added slowly over a period of 1.5 hours, using a dropping funnel. The bath was then removed 
and the mixture was stirred at room temperature for an additional 2 hours. The content of the flask was then 
added slowly (using a cannula) at room temperature to a premixed solution of ZnCI 2 in ether (1 M, 1 80 ml) and 
dry THF (360 ml). The mixture was stirred for 2 hours at that temperature and then the slurry was added (using 
a cannula) to a solution of 2-t-butoxycarbonyi iodobenzene (35.6 g) and NiCI 2 (Ph 3 P)2 (2.1 g) in dry THF (360 
ml). The mixture, after stirring at room temperature overnight (18 hours), was poured slowly under stirring into 
ice-cold 0.5N HQ (1 500 ml). The organic layer was separated, and the aqueous phase was extracted with ether 
(3 X 300 ml). The combined organic layer was washed with water, brine and then dried over MgS0 4 . Removal 
of the solvent gave the crude product as an on (32 g). The material was purified on a silica-gel flash column 
using ethyl acetate-hexane (1:12) to give the titled compound as an oil (24 g, 76%). 1 H NMR (CDCI3): 5 1.24 
(s,9H), 2.42 (s,3H), 7.2-7.8 (m,8H); FAB-MS: m/e 269(M+H). 

EXAMPLE 2 

4-Bromomethyl-2-t-butoxycartx)nylbiphenyl 

To a solution of 2-t-butoxycarbonyl-4'-methylbiphenyl (25.3 g, 95 mmol) in CQ 4 (200 ml) were added freshly 
opened N-bromosuccinimide (17.6 g, 0.099 mole) and dibenzoyl peroxide (2.28 g, 0.0094 moles). The mixture 
was refluxed for 4 hours, cooled to room temperature and filtered. The filtrate was washed with sat NaHSQa 
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(1x50 ml), sat NaHC0 3 (1x50 ml), water (1x50 ml), sat NaCI (1x50 ml) and dried over MgS0 4 . The solution 
was filtered, and concentrated in vacuo . The residue was dissolved in 100 ml of hot hexane. Crystallization 
gradually took place as the solution cooled. The flask was finally cooled to -20°C and the precipitate recovered 
by filtration. The solid was washed with ice cold hexanes and dried in vacuo to give 27 g (88%) of a white solid. 
s 1 H-NMR (CDCI 3 ): 1.23 (s, 9H) f 4.53 (s, 2H), 7.2-7.5 (m, 7H), 7.68 (d, 1H). 

EXAMPLE 3 

2-Cyano-4'-methylbiphenyl 

10 

To a solution of p-bromotoluene (30 g) in dry ether (1 50 ml) at -78°C, a solution of t-BuLi in pentane (1 .7m) 
(210 ml) was added slowly over a period of 1.5 hours, using a dropping funnel. The bath was then removed 
and the mixture was stirred at room temperature for an additional 2 hours. The contents of the flask was then 
added slowly (using a cannula) at room temperature to a premixed solution of ZnCfe in ether (1m) (180 ml) and 

15 dry THF (360 ml). The mixture was stirred for 2 hours at that temperature and then the sluny was added (using 
a cannula) to a solution of 2-bromobenzontorile (21.3 g) and NiCI 2 (Ph 3 P)2 (2.1 g) in dry THF (300ml). The mix- 
ture, after stirring at room temperature overnight (1 8 hours), was poured slowly under stirring into ice-cold 1 N 
HCI (1500 ml). The organic layer was separated, and the aqueous phase was extracted with ether (3 X 300 
ml). The combined organic layer was washed with water, brine and then dried over MgS0 4 . Removal of the 

20 solventgave the crude product as a semisolid mass (34 g). The material was purified on a silica-gel flash column 
using ethyl acetate-hexane (1:12) to give the desired nitrile as a low-melting solid (28 g, 88%). 1 H-NMR (CDCI3): 
2.42 (s, 3H), 7.2-7.8 (m, 8H); FAB-MS: m/e 194 (M + +1). 

EXAMPLE 4 

25 

4-Bromomethyl-2'-nitrobiphenyl 
Step 1: 4-Methy1-2'-nitrobiphenyl 

30 A 1 L three-necked 24/40 round-bottom flask equipped with a mechanical stirrer, a 250 mL constant pres- 
sure addition funnel with a nitrogen inlet at the top, and a septum was flame dried, cooled and then charged 
with a solution of 29.07 g (0.1 7 mo!) of p-bromotoluene in 1 00 mL of anhydrous tetrahydrofuran under a nitrogen 
atmosphere. The solution was stirred and cooled to -78°C and 200 mL (0.34 mol) of a 1.7 M solution of t-bu- 
tyllithium in pentane was added via the addition funnel over 30 minutes. When the addition was complete, the 

35 cooling bath was removed and the reaction mixture was stirred for 30 minutes and allowed to warm to room 
temperature. The dropping funnel was next charged with 170 mL (0.17 mol) of a 1 .0 M solution of zinc chloride 
in diethylether which was added to the reaction mixture over a 10 minute period. A separate 1 L three-necked 
24/40 round-bottom flask equipped with a mechanical stirrer, a nitrogen inlet and a septum, was flame dried, 
cooled and then charged with 4.04 g (6.0 mmol) of bis(triphenylphosphine)palladium(ll) chloride and 50 mL of 

40 anhydrous tetrahydrofuran under a nitrogen atmosphere. The stirrer was started and 8.0 mL of a 1 .5 M solution 
(1 2 mmol) of diisobutylaluminum hydride in toluene was added to the suspension via syringe. The catalyst was 
stirred an additional 10 minutes at room temperature, and then a solution of 23,23 g (0.115 mol) of 1-bromo- 
2-nitrobenzene in 100 mL of anhydrous tetrahydrofuran was added. The suspension of the tolylzinc chloride 
was then transferred to the second flask via a wide diameter cannula. The reaction mixture was stirred an ad- 

45 ditional 45 minutes at room temperature, then most of the tetrahydrofuran was removed on a rotary evaporator. 
The resulting oil was partitioned between ethyl acetate and 1 .0 N hydrochloric acid. The organic layer was wash- 
ed sucessively with water and brine, then dried (MgS0 4 ), filtered and evaporated. The residual oil was purified 
on a silica gel flash chromatography column eluted with 10% ethyl acetate-hexane to afford after evaporation 
and drying in vacuo the product as a viscous yellow oil: 1 H-NMR (CDCI 3 ): 6 2.36 (s f 3H), 7.16-7.24 (m, 4H), 

50 7.38-7.46 (m, 2H), 7.55-7.62 (m, 1H), 7.80 (d, J=10 Hz, 1H); MS (FAB) m/e 214 (MH 4 ). 

Step 2 : 4-Bromomethyl-2'-nitrobiphenyl 

A 2 L 24/40 three necked round-bottom flask equipped with a mechanical stirrer, a reflux condenser and 
55 a stopper, was charged with 15.427 g (72 mmol) of 4-methyl-2'-nitro[1,1'-biphenyl], 1.2 Lof carbon tetrachlor- 
ide, 14.164 g (80 mmol) of N-bromosuccinimide, and 0.50 g of 2,2'-azobis(2-methyfpropionitrile). The stirred 
reaction mixture was refluxed under a nitrogen atmosphere for 4 hours, then cooled to room temperature and 
filtered. The filtrate was evaporated in vacuo and the residual oil was purified on a silica gel flash chromatog- 
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raphy column eluted with 1 0% ethyl acetate-hexane. Evaporation of the pure fractions afforded the product as 
a yellow crystalline solid which had: mp 109-1 10°C; 1 H-NMR (CDCIg): 5 4.52 (s, 2H), 7.24-7.30 (m f 2H), 7.40- 
7.52 (m, 4H), 7.58-7.65 (m, 1H), 7.86 (d, J=10 Hz, 1H); MS (FAB) mfe 294 (MH*). 

5 EXAMPLE 5 

2-Cyano-4-fluoro-4'-methylbiphenyl 

A solution of p-tolyitrimethyltin (1.26 g; 4.96 mmol) in dry toluene (8 mL) was degassed with a stream of 
10 N 2 for ca. 5 min. To this solution under N 2 was added 2-bromo-5-fluorobenzonitrile (0.901 g; 4.51 mmol) and 
Pd(PPh 3 ) 4 (260 mg; 5 mol %). The reaction was stirred at reflux under N 2 for 12 hr and then cooled to room 
temperature. The reaction mixture was filtered through a pad of celite and the filtrate was concentrated in vacuo . 
The product was purified by flash chromatography on a silica gel column, eluting with Hex/CH 2 CI 2 to afford the 
title compound as a slightly yellow solid. 
15 'H-NMR (300 MHz, CDCI 3 ): 8 2.40 (s, 3H), 7.28 (d, 2H), 7.34 (dd, 1 H), 7.40 (d, 2H), 7.44 (t, 1 H), 7.46 (dd, 1 H); 
MS(FAB)m/e211 (M+, calcd for C 14 H 10 NF, 21 1). 

EXAMPLE 6 

20 4-Bromomethylbiphenyl-2-tert-butyl-sulfonamide 

Step 1: 2-bromobenzene(tert-butyl)-sulfonamide 

To a stirred solution of 2-bromobenzenesulfonyi chloride (Lancaster Synthesis) (2.21 g, 8.65 mmol) in 
25 chloroform (40 ml) under nitrogen at room temperature was added tert-butylamine (Aldrich) (2.30 ml, 21.9 
mmol). The orange solution was stirred at room temperature for 12 h, then the mixture evaporated to dryness. 
Flash chromatography (silica gel, 10,15% ethyl acetate-hexane) afforded 2-bromobenzene(tert-buty1)sulfona- 
mide as a white solid; *H NMR (300 MHz, CDCI 3 ) 5 8.18 (d, J = 8.5 Hz, 1H), 7.73 (d, J = 8.5 Hz, 1H), 7.50-7.35 
(m, 2H), 5.1 1 (s, 1H), 1.20 (s, 9H). 

30 

Step 2: p-Tolyltrimethyltin 

p-Tolyimagnesium bromide solution (Aldrich) (1 .0M solution in diethyl ether) (53 ml, 0.0530 mol) was added 
dropwise to trimethyitin chloride (6.92 g, 0.0347 mol) in tetrahydrofuran (50 ml) under nitrogen at -10°C. The 

35 suspension was allowed to warm slowly to room temperature over 3 h then saturated ammonium chloride sol- 
ution (10 ml) was added followed by sufficient water to dissolve the precipitate. The solution was extracted three 
times with diethyl ether-hexane (1:1). The combined organic phase was washed with brine, dried (magnesium 
sulfate) and the solvents removed in vacuo. Vacuum distillation of the residue afforded a colorless liquid (39- 
40 °C, 0.1 mm Hg) which was further purified by flash chromatography (silica gel, hexane) to give p-tolyltrime- 

40 thyltin as a colorless liquid; 1 H NMR (300 Mhz, CDCI3) 5 7.40 (d, J = 7.7 Hz, 2H), 7.19 (d, J = 7.7 Hz, 2H), 2.34 
(s, 3H),0.30(s, 9H). 

Step 3: 4'-methylbiphenyl-2-tert-buty1sulfonamide 

45 2-Bromobenzene(tert-butyl)sulfbnamtde (1.00 g, 3.92 mmol), p-tolyi-trimethyltin (1.95 g, 6.67 mmol), 
bis(triphenylphosphine)paIladium(ll) chloride (Aldrich) (165 mg, 0.235 mmol) and dimethyfformamide (25 ml) 
were heated with stirring under nitrogen at 90°C for 5 h. The black suspension was cooled to room temperature, 
then filtered through a pad of celite which was washed with tetrahydrofuran. The colorless filtrate was evapo- 
rated to dryness then chromatographed (silica gel, 8,10% ethyl acetate-hexane) to give 4'-methylbiphenyl-2- 

50 tert-butylsulfonamide as a white solid; 1 H NMR (300 MHz, CDCI3) 5 8.16 (d, J = 7.9 Hz, 1 H), 7.60-7.37 (m, 4H), 
7.36-7.24 (m, 3H), 3.57 (s, 1 H), 2.42 (s, 3H), 0.99 (s, 9H). 

Step 4: 4'-Bromomethylbiphenyl-2-tert-butylsulfonamide 

55 N-Bromosuccinimide (0.387 g, 2.17 mmol), a,a'-azoisobutyronitrile (catalytic), 4 '-methyl biphenyl-2-tert-bu- 

tylsulfonamide (0.55 g, 1.81 mmol) and carbon tetrachloride (50 ml) were heated with stirring at reflux for 3 h. 
After cooling to room temperature the mixture was filtered and the filtrate evaporated to dryness. Rash chro- 
matography (silica gel, 10,20% ethyl acetate-hexane) afforded 4'-bromomethylbiphenyl-2-tert-butylsulfona- 
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mide (77% pure (the remainder of the material was 4'-dibromomethylbiphenyl-2-tert-butylsulfonamide)) as a 
white solid; 'H NMR (300 MHz, CDCI 3 ) 8 8.17 (dd, J = 7.5, 1.6 Hz, 1H), 7.68-7.45 (m t 6H) t 7.31 (dd, J = 7.5, 
1 .6 Hz, 1 H), 4.55 (s, 2H), 3.52 (s, 1 H), 1 .00 (s, 9H). 

5 Example 6A 

4^Bromomethylbiphenyl-2-(0-tert-butyl)-N-Hydroxysulfonamide 

Step 1: 2-Bromobenzene(04ert-butyl)-N-hydroxysulfonamlde 

10 

To a stirred solution of 2-bromobenzenesulfonyl chloride (Lancaster Synthesis) (1 .0 g, 4.0 mmol) In chloro- 
form (10 ml) under nitrogen at 0°C was added O-tert-butylhydroxylamine hydrochloride (Fluka) (0.6g, 4.77 
mmol) in three portions. The solution was stirred at room temperature for 18 h and then diluted with methylene 
chloride (20 ml). The organic phase was washed successively with 5% citric acid, water and then dried over 
15 MgSO*. Removal of the solvent in vacuo gave the crude product as white solid, which was then purified by 
flash chromatography (silica gel, 10% ethyl acetate-hexane) to afford 2-bromobenzene(0-tert-butyl)N-hydrox- 
ysulfonamide (1.12 g, 89%) as a white solid; 

1H NMR (300 MHz, CDCI 3 ) 8 8.15 (dd, J = 7.5, 2.1 Hz, 1H), 7.75 (d, J = 7.6, 1.8 Hz, 1H), 7.55-7.35 (m, 3H), 
5.11 (s, 1H), 1.21 (s, 9H). FAB-MS: 309 (M+H). 

20 

Step 2: 4 f -Methylbiphenyl-2-(0-tert-butyl)-N-hydroxysulfonamide 

A solution of 2-bromobenzene(0-tert-butyl)-N-hydroxysulfonamide (0.31 g, 1.0 mmol), p-tolyftrimethyltin 
(0.3 g, 1.18 mmol) and bis(triphenylphosphine)palladium(ll) chloride (Aldrich) (0.036 g) in dry dimethylforma- 
25 mide (6 ml) was stirred under nitrogen at 90°C for 6 h. The black suspension was cooled to room temperature, 
then filtered through a pad of celite which was washed with tetrahydrofuran. The colorless filtrate was evapo- 
rated to dryness then purified by flash chromatography (silica gel, 8% ethyl acetate-hexane) to give the titled 
compound as a semi-solid mass. 1 H NMR (300 MHz, CDCI 3 ) 8 8.15 (d, J = 7.8, 1.6 Hz, 1H), 7.67-7.50 (m, 2H), 
7.36-7.24 (m. 5H), 5.78 (s, 1H), 2.42 (s, 3H), 1.08 (s, 9H). FAB-MS: 320 (M+H). 

30 

Step 3: 4 f -Bromomethylbiphenyl-2-(0-tert-butyl)-N-hydroxysulfonamide 

A mixture of N-Bromosuccinimide (0.14 g, 0.78 mmol), a,a'-azoisobutyronitrfle (10 mg) and 4'-methylbi- 
phenyl-2-(0-tert-butyl)-N-hydroxysulfonamide (0.25 g, 0.78 mmol) in carbon tetrachloride (10 ml) was refiuxed 
35 for 7 h. After cooling to room temperature the mixture was filtered and the filtrate evaporated to dryness. Flash 
chromatography (silica gel, 10% ethyl acetate-hexane) afforded 4'-methylbiphenyl-2-(0-tert-butyl>-N-hydroxy 
sulfonamide as a white solid. 

1H NMR (300 MHz, CDCI 3 ) 8 8.15 (d, J = 7.8 Hz, 1H), 7.70-7.30 (m, 7H), 5.72 (s,1H), 4.55 (s, 2H), 1.08 (s, 9H). 
FAB-MS: 398, 400 (M+H). 

40 

PREPARATION OF 2-ALKYL-QU)NAZOLIN-4(1H)-ONES 

EXAMPLE 7 

45 2-Butyl-6-methylquinazolin-4(1 H)-one 

To a solution of 3.0 g (20 mmol) of 2-amino-5-methylbenzoic acid in 20 mL of dry DMF at 0°C was added 
200 mg of DMAP followed by 6.07 g (60 mmol) of triethyl amine and 5.02 g (40 mmol) of valeryl chloride. The 
resulting mixture was stirred at 0°C for 30 minutes. The mixture was heated to 110°C and monitored by TLC 

so for the formation of the intermediate quinoxazolone (if =0.8, 40%EtOAc/hexane). Following complete formation 
of the intermediate 10 g (100 mmol) of NH4CO3 was added cautiously. Heating was continued to ensure con- 
sumption of the quinoxazolone and formation of the polar (rf=0.4, 40%EtOAc/hexane) quinazdin-4(1H)-one. 
The reaction mixture was concentrated in vacuo and the residue was taken up in 50 mL of ether and 50 mL of 
water. The mixture was filtered and the filtrate discarded after washing the residue with 20 mL of ether. The 

55 residue was recrystallized from MeOH to give 1.07 g (5 mmol) of a white crystaline solid. 25% yield overall. 
1H-NMR (CDCI3): 0.94 (t, 3H, J=6.7Hz). 1.50 (m, 2H), 1.83 (m, 2H), 2.49 (s, 3H). 2.78 (t, 2H), 7.60 (m, 2H), 
8.05 (m, 1 H). Anal (C 13 H 16 N 2 0) f C, H. N. 
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EXAMPLE 8 

6-Methyl-2-propylquinazoline-4(1 H)-one 

5 The 2-propyi derivative was prepared in the identical fashion as the 2-butyl derivative through the use of 
butyryl chloride in place of valeryl chloride. The product was recrystallized from hexane/acetone to give white 
crystals. 32% yield. 1 H-NMR (CDCI3): 11.51 (bs, 1H), 8.08 (s, 1H), 7.60 (s f 2H), 2.78 (3 line m, 2H), 2.01 (s, 
3H), 1.92 (m,2H), 1.09 (t, 3H). 

10 EXAMPLE 9 

2-Butyl-7-methylquinazoline-4(1 H)-one 

Same procedure as in Example 7 with valeroyl chloride and 2-amino-4-methyibenzoic acid. The product 
is was recrystallized from MeOH recovering 0.91 g (4.2 mmol). 21% yield overall. 1 H-NMR (CDCI 3 ): 0.99 (t, 3H, 
J=7.4 Hz), 1.49 (m, 2H) f 1.86 (m, 2H), 2.50 (s, 3H), 2.76 (t, 2H, J=7.81 Hz), 7.28 (d, 1H f J=8.3 Hz), 7.49 (s, 
1H), 8.15 (d, 1H, J=8.3Hz). Anal (C^H^O), C, H, IM. 

EXAMPLE 10 

20 

2-Buty1-naphtho[2,3-e]quinazoline-4(1H)-one 

Same procedure as in Example 7 with valeroyl chloride and 2-aminonapthoic acid. Product was recrystal- 
lized from MeOH. A contaminant co-crystallizes with the desired product The contaminant is 25% of the product 
25 by 'H-NMR. Recovered 1.6 g (59% yield). 1 H-NMR (CDd 3 ): 0.97 (t, 3H, J=7.3 Hz), 1.42 (m, 2H), 1.75 (m f 2H), 
2.48 (t, 2H, J=7.4 Hz), 7.42 (t, 1H, J=7.8 Hz), 7.54 (t, 1H, J=8.3 Hz), 7.77 (d, 1H, J=7.8 Hz), 7.82 (d, 1H, J=8.31 
Hz),8.07 (s, 1H), 9.08 (s, 1H), 10.89 (bs, 1H). 

EXAMPLE 11 

30 

2-Butyl-5-methylquinazoline-4(1 H)-one 

Same procedure as in Example 7 with valeroyl chloride and 2-amino-6-methyibenzoic acid on a 16 mmol 
scale. The concentrated reaction mixture was diluted with 50 m L ether and 50 mL H2O. The mixture was agitated 

35 for several minutes and then filtered in vacuo. On filtration further crystalline material formed in the filtrate. The 
filtrate was filtered again. This procedure was repeated a further two times. The precipitates were collected 
and combined. The ethereal phase was decanted from the aqueous phase, and concentrated to 15 mL 25 mL 
of hexanes was then added and the mixture filtered. The combined precipitates were recrystallized from 
MeOH/H 2 0 to give 0.73 g (3.37 mmol) of fluffy white crystals. 21% yield. 1 H-NMR (CDCIa): 0.98 (t, 3H, J=7.38 

40 Hz), 1.48 (m, 2H), 1.87 (m, 2H), 2.75 (dd, 2H, J=8.09 Hz), 2.89 (s, 3H), 7.20 (d, 1H, J=6.73 Hz), 7.56 (m, 2H), 
11.68 (bs, 1H). 

EXAMPLE 12 

45 2-Butyl-6,8-dimethylquinazoHne-4(1 H)-one 

Same procedure as in Example 7 with valeroyl chloride and 2-amino-5 t 8-dimethylbenzoic acid on a 12 
mmol scale. The product collected from filtration of the ether/water mixture was recrystalized from MeOH. 1 H- 
NMR and TLC indicated that the product isolated was a 50% mixture of the desired quinazoline and a contam- 
50 inant An aliquot of 0.5 g of this material was concentrated onto 5 mL of flash silica and applied to the surface 
of a flash chromatography column. The column was elu ted with 60% EtOAc/hexanes. The first eluted compound 
(0.14 g) was collected as a TLC homogeneous sample of the desired product 1 H-NMR (CDCI3): 0.99 (t, 3H, 
J=7.32 Hz), 1.48 (m, 2H). 1.85 (m, 2H), 2.44 (s, 3H), 2.58 (s, 3H), 2.75 (dd, 2H, J=7.87,7.87 Hz), 7.43 (s, 1H), 
7.91 (s, 1H), 10.70 (bs, 1H). 
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EXAMPLE 13 

2-Butyl-8-methylquinazoline-4(1 H)-one 

Same procedure as in Example 7 with valeroyl chloride and 2-amino-6-methylbenzoic acid on a 1 mmol 
scale. The concentrated reaction mixture was diluted with 20 mL ether/20 mL H 2 0. The mixture was filtered. 
The ethereal phase was separated, dried (MgS0 4 ), filtered and concentrated. The residue was flash chroma- 
tographed over silica eluting with 50% EtOAc/hexanes to give rise to 48 mg (0.22 mmoi) of a fluffy yellow solid. 
22% yield. 'H-NMR (CDd 3 ): 1.02 (t f 3H), 1.52 (m, 2H), 1.88 (m, 2H), 2.62 (s, 3H) P 2.79 (dd, 2H) f 7.35 (dd, 1 H), 
7.61 (d, 1H) f 8.12 (d f 1H). FABMS: 217 (m + +1) calc for C 13 H 16 N 2 0. 

EXAMPLE 14 

2-Butyl-6-isopropylquinazolin-4(1 H)-one 

Same procedure as in Example 7 with valeroyl chloride and 2-amino-5-isopropylbenzoic acid on a 1 6 mmoi 
scale. The concentrated reaction mixture was partitioned between 20 mL water and 20 mL of ether. A fine white 
precipitate was removed by filtration and recrystallized from MeOH/water. The first crop gave rise to 0.56 g of 
fluffy white crystals. *H-NMR (CDCI 3 ): 0.99 (t f 3H, J=7.3Hz), 1.32 (d, 6H, J=6.89Hz), 1.48 (m, 2H), 1.85 (m, 
2H), 2.77 (3 line m, 2H, J=7.9Hz), 3.06 (m, 1H), 7.65 (m, 2H), 8.1 1 (s, 1H), 1 1.22 (bs, 1H). FABMS: 245 (M++1) 
calc for C 15 H2oN 2 0. 

EXAMPLE 15 

2-Butyl-6-thiomethylquinazolin-4(1 H)-one 

Same procedure as that described in Example 7. However on addition of ether/water to the reaction mixture 
a precipitate of the quinazolinone was not formed. The aqueous phase was extracted with ether and the com- 
bined ethereal extracts were washed with brine and dried over MgS0 4 . The mixture was filtered and concen- 
trated in vacuo to give a mixture of the desired product and 2-(N-valeroyl-amino)-5-thiomethylbenzamide. This 
mixture was heated with 2 equivalents of 1 N NaOH solution in water at 1 00°C until a clear solution was obtained. 
The solution was cooled, acidified, and filtered to give a pale yellow precipitate. The product was recrystalized 
from MeOH to give the title compound. 'H-NMR (CDCI r 300MHz): 1.00 (t, 3H, J=7.3Hz), 1.50 (m, 2H) f 1.86 
(m, 2H), 2.58 (s, 3H), 2.76 (3 line m, 2H, J=7.9Hz), 7.62 (m, 2H), 8.03 (d, 1H, J=1.9Hz), 11.11 (bs, 1H). 

EXAMPLE 16 

6-Nitro-2-propylquinazoIin-4(1 H)-one 

To a solution of 16.3 g (0.1 mol) of 2-amino-5-nitrobenzonitrile in 200 ml of CH 2 CI 2 at 0°C was added 21 
ml (0. 1 5 mol) of triethyi amine followed by 0.3 g of DMAP and 1 1 .71 g (0. 1 1 mol) of butyryl chloride. The reaction 
mixture was warmed to room temperature and then heated over night at 50°C. The solution was washed with 
1N HCI (1x20 ml), water (1x20 ml), saturated NaHC0 3 (2x20 ml) and brine (1x20 ml) and dried over MgS0 4 . 
The solution was filtered and concentrated in vacuo. The residue was dissolved in 200 ml of MeOH to which 
was added 44 ml (0.22 mol) of 5M NaOH solution followed by the dropwise addition of 25 ml (0.22 mol) 30% 
H 2 0 2 and 50 ml of water . The mixture was refuxed for 4 hours, cooled and filtered. The filtrate was acidified 
with 1N HCI and the resulting precipitate recovered by filtration. The residue was recrystalized from MeOH to 
provide the title compound. 

'H-NMR(CDCI 3 ): 1.10 (t, 3H f J=7.4Hz), 1.93 (m, 2H), 2.79 (3 line m, 2H f J=7.3Hz), 7.80 (d f 1H, J=8.9Hz) f 8.55 
(dd, 1H. J=2.5, 8.8Hz), 9.14 (bs, 1H). 

EXAMPLE 17 

2-Butylquinazolin-4(1 H)-one 

To a solution of 500 mg 2-aminobenzonitriie (4.23 mmol), 514 mg triethytamine (5.08 mmol), and 50 mg 
DMAP (0.41 mmol) in 6 mL CH 2 CI 2 at 0°C was added 562 mg valeryl chloride (4.66 mmol) dropwise over 1 
minute. The mixture was warmed to room temperature and stirred for twenty minutes. The mixture was then 
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diluted with water and brine and then was extracted three times with ether. The combined organic material was 
dried over MgS0 4l stripped of solvent in vacuo, and was purified by flash chromatography eluting with 20% 
ethyl acetate in hexane to give 2-valerylamido-benzonitrile. Rf 0.22 in 20% ethyl acetate in hexane. 'H-NMR 
(300 MHz, CDCI 3 ): 8.42 (d, 1H), 7.60-7.10 (m, 2H). 6.72 (m, 1H), 4.40 (br s, 1H), 2.46 (t, 2H), 1.74 (m, 2H), 

5 1.43 (m,2H), 0.97 (t. 3H). 

To a solution of 5.1 g of the amide in 90 mL methanol were added 21 mL 3N NaOH and 10 ml 30% H2Q2 
at room temperature. The mixture was refluxed for 30 minutes and concentrated in vacuo . Water and sat NH4CI 
was added and the mixture extracted 3 times with ether. The combined organic extracts were dried over MgSO* 
filtered and concentrated in vacuo and the residue was recrystallized from hexane/acetone to give two crops 

10 of the product as white needles. 2.2 g, 43% yield. 0.16 in 20% EtOAc in CH^. 1 H-NMR (CDa 3 ): 8.29 (m, 
1H), 7.81-7.68 (m, 2H), 7.47 (m, 1H) f 2.79 (3 line m, 2H), 1.87 (m, 2H), 1.51 (m, 2H), 1.00 (t, 1H). 

EXAMPLE 18 

15 6-Bromomethyl-2-butylquinazolin-4(1H)-one 

To a suspension of 2.6 g (12 mmol) of the product of Example 8 in 100 mL of dry CCU was added 2.56 g 
of N-bromosuccinimide followed by 200 mg of benzoyl peroxide. The reaction mixture was heated to reflux for 
45 minutes at which time a precipitate formed throughout The reaction mixture was concentrated in vacuo and 

20 the residue partitioned between 1 50 mL of EtOAc and 1 00 ml of water. The mixture was shaken and then filtered 
to give the title compound. The filtrate was separated into two phases and the organic phases was washed 
with 75 mL of sat NaHC0 3 solution followed by 75 mL of water and 75 mL of brine. The organic phase was 
dried over MgS0 4 , filtered and the filtrate was concentrated in vacuo . The residue was purified by recrystalk 
zation from EtOAc to give more of the same product as was recovered above. 1 H-NMR (CDCI 3 ): 1.00 (t, 3H, 

25 J=7.33Hz). 1 .49 (m, 2H), 1.84 (m f 2H), 2.77 (3 line m, 2H, J=7.7 Hz), 4.61 (s, 2H), 7.68 (d, 1 H, J=8.4Hz), 7.80 
(dd, 1H, J=8.4, 2.1Hz), 8.27 (d, 1H, J=2.1Hz), 11.02 (bs, 1H). 

EXAMPLE 19 

30 5-Bromomethyl-2-butylquinazolin-4(1 H)-one 

The product of Example 1 1 was treated as in Example 19 to give the titled compound as a white solid. 1 H- 
NMR (CDCJ3): 1.0 (t 3H, J= 7.3Hz), 1.53 (m . 2H), 2.90 (m, 2H), 2.81 ( 3 line m, 2H, J=7.98 Hz), 5.31 (s, 2H), 
7.45 (rp, 1H), 7.71 (m, 2H), 11.28 (bs, 1H). 

35 

EXAMPLE 20 

6-Acetoxymethyl-2-butylquinazolin-4(1H)-one 

40 To a solution of 2.1 (7.0 mmol) of the quinazolinone prepared in Example 18 in 15 mL of dry DMF was 
added 1 .74 g (20.0 mmol) of sodium acetate. The mixture was heated to 60°C for 3 hours. The reaction mixture 
was concentrated in vacuo and the residue dissolved in 1 00 mL of CH 2 CI 2 . The solution was washed with water 
(3x20 mL), brine (1x20 mL) and dried over MgS0 4 . The mixture was filtered and concentrated in vacuo . The 
residue was recrystallized MeOH/H 2 0 to give the titled compound as a colorless solid. 68% yield. 'H-NMR 

45 (CDCI3): 0.99 (t, 3H, J=7.32 Hz), 1.50 (m, 2H), 1.83 (m, 2H), 2.14 (t, 3H), 2.77 (3 line m, 2H, J=7.71 Hz), 5.23 
(s, 2H), 7.69-7.78 (m, 2H), 8.25 (s, 1H), 10.90 (bs, 2H). 

EXAMPLE 21 

50 5-Acetoxymethyl-2-butylquinazolin-4(1 H)-one 

The product of Example 19 was treated as in Example 20 to give after recrystallization from EtOAc the de- 
sired acetylated product 'H-NMR (CDCi 3 ): 0.98 (t 3H, J=7.38Hz), 1.50 (m, 2H), 1.88 (m, 2H), 2.19 (s, 3H), 
2.77 (3 line m, 2H, J=7.93 Hz), 5.85 (s, 2H), 7.48 (m, 1H), 7.70 (m, 2H), 11.65 (bs, 1H). 

55 



73 



EP 0 512 870 A1 



EXAMPLE 22 

2-Butyi-6-nitroqulnazolin-4(1 H)-one 

The title compound was prepared as described above in Example 16 utilizing pentanoyl chloride in place 
of butyroyl chloride. 'H-NMR (CDCI 3 ): 1 .02 (t, 3H, J=7.32 Hz), 1 .52 (m, 2H). 1 .90 (m, 2H), 2.82 (dd, 2H, J=8.03 
Hz), 7.82 (d, 1H f J=9.01 Hz), 8.56 (dd, 1H, J=2.6, 8.9 Hz), 9.14 (d, 1H, J=2.71 Hz). 

PREPARATION OF 3-N-ALKYL-2-ALKYLQUINAZOUISI-4(3H)-ONES 

A general procedure for the synthesis of 3-IM-akylated-quinazolin-4(3H)-ones is given below. Chromatog- 
raphy conditions, yields, and spectral data are given for the compounds prepared by this procedure. 

A suspension of 1.1 mmol of NaH in 2 mL of dry DMF at 0°C under nitrogen was treated with 1 mmol of 
the quinazolin-4(1H)-one as a solid (most quinazolin-4(1 H)-ones prepared were insoluble in DMF). Immediate 
evolution of hydrogen could be observed as the quinazolin-4(1H)-one was deprotonated and dissolved. After 
30 minutes the solution was warmed to room temperature for a further 30 minutes. To this solution cooled to 
0°C was added a solution of 1 mmol of the appropriate 4-bromomethyl-2'-substituted-biphenyf compound in 
DMF. Aften 30 minutes, the reaction mixture was warmed to room temperature and stirred overnight The sol- 
ution was concentrated in vacuo , and the residue dissolved in 50 mL of EtOAc. The solution was washed with 
water (3x10 mL) and brine (2x10 mL). The organic phase was dried over MgS0 4> filtered and concentrated in 
vacuo. The residue was purified as indicated below: 

EXAMPLE 23 

2-Butyl-3-[(2'-(t-butoxycarbonyi)biphen-4-yl)methyl]quinazolin-4(3H)-one 

The quinazolinone prepared as described in Example 17 was alkylated with 4-bromomethyt-2'-t-butoxy- 
carbonyl-biphenyl. The product was purified by flash chromatography over silica gel eiuting with 1% 
EtOAc/methylene chloride. 1 H-NMR (300 MHz, CDCI 3 ): 8.32 (m, 1H), 7.76 (m, 2H), 7.46 (m, 2H), 7.38 (m, 1H), 
7.32-7.18(m, 5H), 5.46 (bs, 2H), 2.79 (3 line m, 2H), 1.80 (m, 2H), 1.44 (m, 2H), 1.23 (s, 9H), 0.95 (t, 3H). 

EXAMPLE 24 

2-Butyl-3-[(2 l -(cyario)biphen-4-yl)methyllquinazolin-4(3H)-one 

The quinazolinone prepared as described in Example 17 was alkylated with 4-bromomethyl-2'-cyanobi- 
phenyl. The product was purified by MPLC Lobar C silica column eiuting with 25% EtOAc/hexane. R, 0.13 in 
30% EtOAc/hexane. 1 H-NMR (300 MHz, CDCI 3 ): 8.32(m, 1H), 7.84-7.59 (m, 7H), 5.46 (bs, 2H), £79 (3 line m, 
2H), 1.80 (m, 2H), 1.44 (m, 2H), 0.94 (t, 3H). 

EXAMPLE 25 

2-Butyl-3-[(2'-(t-butoxycartx)ny0b^ 

The quinazolinone prepared as described in Example 13 was alkylated with 4-bromomethyl-2'-t-butoxy- 
carbonyl-biphenyl. The product was purified by flash chromatography over silica eiuting 12.5% EtOAc/hexane. 
58% yield. 1 H-NMR (CDCf 3 ): 0.95 (t, 3H, J=7.3Hz), 1.23 (s, 9H), 1.44 (m, 2H), 1.85 (m, 2H), 2.62 (s, 3H), 2.79 
(dd, 2H, J=7.65, 7.65Hz), 5.45 (bs, 2H), 7.20-7.50 (m, 8H), 7.59 (dd, 1H, J=1.1, 8.47Hz), 7.77 (dd, 1H, J=1.6, 
7.7Hz), 8.16 (dd, 1H, J=1.2, 7.7Hz). FABMS, 483 (M*+1). 

EXAMPLE 26 

2-Butyl-3-[(2'-(t-butoxycarbonyQbiphei*^^ 

The quinazolinone prepared as described in Example 7 was alkylated with 4-bromomethyt-2'-t-butoxycar- 
bonyl-biphenyl. The product was purified by flash chromatography over silica gel eiuting with 15% 
EtOAc/hexane, 43% yield. 'H-NMR (CDCI 3 ): 0.95 (t, 3H, J=7.3Hz), 1 .23 (s, 9H), 1.43 (m.2H), 1.79 (m, 2H), 2.49 
(s, 3H), 2.77 (dd, 2H, J=8.0, 8.0Hz), 5.46 (bs, 1H), 7.19-7.60 (m, 10H), 7.77 (dd, 1H, J=1.6, 7.6Hz). FABMS, 
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483 (M + +1). 
EXAMPLE 27 

2-Butyt'3-[(2 , -(t-butoxycarbonyl)biphen^yl)methyO-6-nitroquinazolin"4(3H)-one 

The quinazolinone prepared as described in Example 16 was alkylated with 4-bromomethyl-2'-t-butoxy- 
carbonylbiphenyl. The product was purified by flash chromatography over silica gel eluting with 20% 
EtOAc/hexane. 1 H-NMR (CDCI 3 ): 0.96 (t, 3H, J=7.38Hz), 1.25 (s, 9H), 1.45 (m, 2H), 1.83 (m, 2H), 2.84 (dd, 
2H, J=8.08Hz), 5.47 (bs, 2H), 7.20-7.50 (m, 8H), 7.78 (d, 1H, J=9.07Hz), 8.53 (dd, 1H, J=2.5 f 8.8Hz) t 9.18 (d, 
1H, J=2.5Hz). FABMS, m/z 514 (M++1). 

EXAMPLE 28 

2-Butyl-3-[(2^cyanobiphen-4-yl)-methyl]-6-methylquinazolin-4(3H)-one 

The quinazolinone prepared as described in Example 7 was alkylated with 4-bromomethyt-2'-cyanobiphe- 
nyl. The product was purified by MPLC Lobar C silica gel column eluting with 20% EtOAc/hexane. 1 H-NMR 
(CDCI 3 ): 0.92 (t, 3H, J=7.5Hz), 1.42 (m, 2H). 1.77 (m, 2H), 2.48 (s, 3H), 2.77 (dd, 1H, J=8.0, 8.0Hz), 5.46 (bs, 
3H), 7.30 (d, 1H, J=7.9Hz), 7.40-7.65 (m, 7H), 7.74 (d, 1H, J=7.9Hz), 8.09 (s, 1H). 

EXAMPLE 29 

2-Butyl-3-[(2'-(t-butbxyra^ 

The quinazolinone prepared as described in Example 9 was alkylated with 4-bromomethyi-2'-t-butoxycar- 
bonylbiphenyl. The product was purified by flash chromatography over silica eluting with 20% EtOAc/hexane. 
1 H-NMR (CDCi 3 ): 0.95 (t, 3H, J=7.33Hz), 1.23 (s, 9H), 1.42 (m, 2H), 1.79 (m, 2H), 2.50 (s, 3H), 2.77 (dd, 2H, 
J=7.9, 7.9Hz), 5.44 (bs, 2H), 7.20-7.51 (m, 9H), 7.76 (dd, 1H, J=1.31, 7.71Hz), 8.19 (d, 1H, J=8.13Hz). Anal 
(C31H34N2O3). C, H, N. 

EXAMPLE 30 

2-Butyl-3-[(2'-(t-butoxycarbonyP 

The quinazolinone prepared as described in Example 10 was alkylated with 4-bromomethyl-2'-t-butoxy- 
carbonyl-biphenyl. The product was purified by MPLC Lobar B sil ica gei column eluting with 1 5%EtOAc/hexane. 
1H-NMR (CDCI3): 0.97 (t, 3H, J=7.27Hz), 1 .24 (s, 9H), 1.46 (m, 2H), 1 .85 (m, 2H), 2.82 (dd, 2H, J=8.2, 8.2 Hz), 
5.49 (bs, 1H), 7.2-7.61 (m, 9H), 7.76 (d, 1H, J=7.1Hz), 7.97 (d, 1H, J=8.6Hz), 8.06 (d, 1H, J=7.9Hz), 8.17 (s, 
1H), 8.94 (s, 1H). 

EXAMPLE 31 

2-Butyl-3-[(2 i -(t-butoxycarbonyl)biphen-4-yi)methyq-6,8-dimemytquinazolin-4(3H)-one 

The quinazolinone prepared as described in Example 12 was alkylated with 4-bromomethyl-2'-t-butoxy- 
carbonyl-biphenyl. The product was purified by MPLC Lobar B silica column eluting with 17% EtOAc/hexane. 
1H-NMR (CDCI3): 0.95 (t, 3H, J=7.2Hz), 1.23 (s, 9H), 1.42 (m, 2H), 1.83 (m, 2H), 2.43 (s, 3H), 2.58 (s, 3H), 
2.77 (dd, 2H, J=7.7Hz), 5.44 (bs, 2H), 7.19-7.48 (m, 8H), 7.76 (d, 1H, J=6.2Hz), 7.95 (s, 1H). 

EXAMPLE 32 

2-Propyl-3-[(2 , -(cyano)biphen-4-yl)methyi]-6-methylquinazolin-4(3H)-one 

The quinazolinone prepared as described in Example 8 was alkylated with 4-bromomethyl-2'-cyanobiphe- 
nyl. The product was purified by MPLC Lobar C silica column eluting with 30% EtOAc/hexane. 1 H-NMR (CDCI3): 
8.10 (s, 1H), 7.79-7.25 (m, 10H), 5.49 (bs, 2H), 2.76 (3 line m, 2H), 2.49 (s. 3H), 1.84 (m, 2H) f 1.02 (t, 3H, 
J=7.4Hz). 
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EXAMPLE 33 

2-Butyl-3-[2Mt-butoxycarbonyl^^ 

The quinazolinone prepared as described in Example 11 was alkylated with 4-bromomethyf-2'-t-butoxy- 
carbonyl-biphenyl. The product was purified by MPLC Lobar B silica column eluting with 17% EtOAc/hexane. 
'H-NMR (CDCU): 0.95 (t, 3H, J=7.3Hz), 1.22 (s, 9H), 1.43 (m, 2H), 1.79 (m, 2H) f 2.76 (dd, 2H, J=7.7 f 7.7Hz), 
2.87 (s, 3H) f 5.40 (bs, 2H). 7.18-7.59 (m f 10H), 7.77 (dd, 1H, J=1.4, 7.4Hz). 

EXAMPLE 34 

2- Butyl-6-methyl-3-[(2'-nitrobiphen^ 

To a solution of 0.111 g(0.51 mmol)of2-butyl-6-methylquinazolinone in 4.0 mL of dimethylformamide was 
added 0.022 g of a 60% ofl dispersion of sodium hydride and the resulting mixture was stirred at room temper- 
ature under a nitrogen atmosphere. After 30 min hydrogen evolution had ceased, and 0.150 g (0.51 mmol) of 
4-bromomethyl-2'-nitrobiphenyl was added to the reaction mixture. Stirring was continued for 2 h at room tem- 
perature and then the reaction mixture was partitioned between ethyl acetate and water. The organic layer was 
extracted, washed with water, brine, then dried (MgS0 4 ), filtered and evaporated. The residual oil was purified 
on a sOica gel flash chromatography column eluted with 25% ethyl acetate-hexane to afford the product as a 
colorless oil which had: 1 H-NMR (CDCI 3 ) 5 0.91 (t, J=10 Hz, 3H), 134-1.47 (m, 2H), 1.69-1.80 (m, 2H), 2.46 
(s, 3H), 2.74 (t, J=11 Hz, 2H), 5.43 (s, 2H), 7.18-7.28 (m, 4H ), 7.36 (d, J=12 Hz, 1H), 7.45 (t, J=12 Hz, 1H), 
7.52-7.62 (m, 3H), 7.83 (d, J=12 Hz, 1 H), 8.08 (s, 1 H); MS (FAB) m/e 428 (MH+). 

EXAMPLE 35 

3- [(2'-Aminobiphen-4-yl)methyl>2^ 

To a solution of 0.127 g (0.30 mmol) of 2-butyl-6-methyl-3-[(2'-nitrobiphen-4-yl)methyl]quinazollnone f from 
Example 34, in 15 mL of absolute ethanol was added 0.030 g of a 10% palladium on powdered charcoal catalyst 
and the resulting mixture was hydrogenated under a 35 psig hydrogen atmosphere in a Parr apparatus. After 
1 h TLC analysis (50% ethyl acetate-hexane) of the reaction mixture indicated complete reduction. The mixture 
was filtered, evaporated and dried in vacuo to afford a viscous oil which was used directly in the next step without 
further purification: 1 H-NMR (CDCI3) 8 0.91 (t, J=10 Hz, 3H), 1.36-1 .47 (m. 2H), 1.70-1.82 (m, 2H), 2.47 (s, 3H), 
2.77 (t J=11 Hz, 2H), 3.72 (br s, 2H), 5.44 (s, 2H), 6.70-6.83 (m, 2H), 7.04-7.16 (m, 2H), 7.23 (d, J=14 Hz, 
2H), 7.39 (d, J=14 Hz, 2H), 7.56 (s, 2H), 8.08 (s, 1H); MS (FAB) m/e 398 (MH 4 ). 

EXAMPLE 36 

2-Butyl-3-[2Mt-butoxycarbonyl)b^ 

To a suspension of sodium hydride (0.034 g of 50% oil suspension) in dry DMF (5 ml) was added 2-n-butyl- 
6-isopropylquinazolin-4-one (prepared as described in Example 14) (0.2 g, 0.76 mmol) and stirred at room tem- 
perature for 1 .5 hours. At this stage, 4-bromomethyl-2'-t-butoxycarbonylbiphenyl (0.29 g, 0.77 mMol) was add- 
ed, and the mixture was stirred at room temperature for 18 hours. The crude product isolated, after work-up 
as described in the general procedure foralkylatton of quinazolin-4(3H)-ones was purified by flash chromatog- 
raphy over silica-gel using methylene chloride containing 1% methanol to give the desired compound as white 
amorphous solid. 1 H-NMR(CDCia): 0.97 (t 3H, J=7.35 Hz), 1.19 (s, 9H), 1.31 (d, 6H, J=6.9 Hz, 1.45 (m, 2H), 
1.81 (m, 2H, 2.95 (t, 2H, J=7.7 Hz). 3.07 (m, 1H), 5.69 (s, 2H), 7.33-7.94 (m, 11H). FAB-MS: m/e 455 (M+H), 
909 (2M+H). 

EXAMPLE 37 

6-Amino-2-buty1-3-[(2Mt-butoxycarbon^ 

0.11 g (021 mmol) of 2-butyl-3-[(2Mt-butoxycarbon^ 
(Example 27) was suspended in 7.5 mL of MeOH and hydrogenated over 55 mg of 10% Pd/C under an atmos- 
pheric pressure hydrogen blanket After 1 hour the reaction mixture was filtered through celtte and the filtrate 
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concentrated In vacuo . The residue was purified by flash chromatography over silica gel eluting with 50% 
EtOAc/hexane to give a white foam. 'H-NMR (CDCI 3 ): 0.94 (t, 3H, J=7.Hz), 1.23 (s, 9H), 1.41 (m, 2H), 1.79 
(m, 2H), 2.74 (3 line m, 2H, J=7.7Hz) f 5.44 (bs, 2H), 7.05-7.57 (m, 1 0H), 7.77 (d, J=7.5Hz). 

5 EXAMPLE 38 

Acetamido-2-butyl-3-[(2Xt-butoxycarbonyl)biphenyl-4-yl)methyl]quinazolinon-4(3H)-on^ 

To 20 mg of the product of Example 37 in 0.75 mL of CH2CI2 at room temperature was added 4.3 \lL of 
10 acetic anhydride. After 6 hours a further 2 uL of acetic anhydride was added to the reaction mixture. The solution 
was allowed to stir for 7 days, diluted with 10 mL of EtOAc and washed with water (3x5 mL), brine (1x5 mL) 
and dried over MgS0 4 . The solution was filtered and concentrated in vacuo to give the titled compound as a 
white solid. 1 H-NMR (CD 3 OD): 0.65 (t, 3H, J=7.3 Hz), 0.91 (s, 9H), 1.12 (m, 2H), 1.48 (m, 2H), 1.87 (s, 3H), 
2.63 (3 line m, 2H, J=7.7 Hz), 5.21 (bs, 2H), 6.92-7.39 (m, 1 0H), 7.67 (dd, 1 H, J=2.5, 8.8 Hz), 8.1 9 (d, 1 H, J=2.5 
15 Hz). FABMS m/z 526 (M++1 ) calc for C32H35N3O4. 

SYNTHESIS OF 2-BUTYL-3-[(2XCARBOXY^BIPHEN-4^ 

General procedure for the preparation of the carboxylic acids from the t-butyl esters is as follows: 
20 To 1 mmol of the ester in 1 mL of dry CH 2 CI 2 at room temperature was added 0.5 mL of trifluoroacetic 

acid. The solution was stirred under N 2 over night and concentrated in vacuo . The residue was reconcentrated 
in vacuo after dissolving the reaction product in a mixture of 0.5 mL of CH 2 CI 2 and 3 mL of toluene. The residue 
was allowed to dry in vacuo overnight Any impurities were removed by flash chromatography. 

25 EXAMPLE 39 

6-Acetamido-2-butyl-3-[(2 , -(carboxy)biphen-4-yl) methyl1-quinazolin-4(3H)-one 

The product of Example 38 was deprotected following the general procedure described above. Purification 
30 by flash chromatography eluting with 5:95:1 MeOH:CH 2 CI 2 :HOAc to give a white solid, 1 H-NMR (CD 3 OD): 0.61 
(t, 3H, J=7.43Hz), 1.12 (m, 2H), 1.42 (m, 2H), 1.86 (s, 3H), 2.52 (3 line m, 2H, J=7.4Hz), 5.18 (bs, 2H), 6.85- 
7.22 (m, 8H), 7.19 (d, 1 H, J=7.3Hz), 7.46 (d, 1H, J=7.3Hz), 7.69 (dd, 1 H, J=2.2,8.8Hz), 8.12 (d, 1 H, J=2.22Hz). 
FABMS m/z 470 (M + +1) calc for C^H^O* 

35 EXAMPLE 40 

6-Amino-2>butyl-3-[(2 l -(carboxy)biphen-4-yl)methyl]quinazolin-4(3H)-one 

The product of Example 37 was deprotected following the general procedure described above. Purification 
40 by flash chromatography over silica gel eluting with 60:40:1 EtOAc:hexane:acetic acid. The product is very in- 
soluble when concentrated to give a white solid. 1 H-NMR (CDCI 3 ): 0.87 (t, 3H, J=7.37Hz), 1.35 (m, 2H), 1.69 
(m, 2H), 2.71 (3 line m, 2H, J=6.9Hz), 3.2-4.5 (bs, 4H), 5.41 (bs, 2H), 7.05-7.59 (m, 10H), 7.54 (bs, 1H). 

EXAMPLE 41 

45 

2-Butyl-3-[(2 , -(carboxy)biphen-4-yl)methyl]quinazolin-4(3H)-one 

The product of Example 23 was deprotected following the general procedure described above. The crude 
material was purified by flash chromatography eluting with 1:1:38:60 acetic acid/MeOH/hexane/ methylene 
50 chloride. 'H-NMR (CDCI 3 ): 9.60-8.50 (bs, 1H), 8.30 (m, 1H), 7.94 (m, 1H0, 7.71 (m, 2H). 7.58 - 7.37 (m, 3H), 
7.32 (m, 3H), 7.19 (m, 2H), 5.45 (bs, 2H), 2.75 (3 line m, 2H), 1.67 (m, 2H), 1.34 (m, 2H), 0.84 (t, 3H). FABMS 
m/z413(m + +1). 

EXAMPLE 42 

55 

2-BuM-3-[(2 , -(carboxy)biphen-4-yl)methyl^5-methylquinazolin-4(3H)-one 

The product of Example 33 was deprotected following the general procedure described above. The crude 
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concentrated reaction mixture was homogeneous by TLC and NMR. *H-NMR (CDCI 3 ): 0.88 (t, 3H, J=7.21), 1.43 
(m, 2H), 1 .69 (m, 2H), 2.87 (s, 3H), 3.13 (dd, 2H, J=8.0, 8.0Hz), 5.46 (bs, 2H), 7.21-7.36 (m, 5H), 7.43 (d f 2H f 
J=8.74Hz), 7.58 (t, 1H, J=7.4Hz), 7.69-7.81 (m, 2H), 7.96 (d, 1H, J=7.8Hz). 

EXAMPLE 43 

2-Butyl-3-[(2 / -(carboxy)biphen^yl)methyi]naphtho[2 f 3-e]quinazolifv4(3H)-one 

The product of Example 30 was deprotected following the general procedure described above. The crude 
concentrated reaction mixture was homogeneous by TLC and NMR. *H-NMR (CDCI3): 0.91 (t, 3H, J=7.22Hz), 
1.49 (m, 2H), 1.75 (m, 2H), 3.20 (bdd, 2H, J=7.6, 7.6Hz), 5.52 (bs, 2H), 7.20-7.35 (m, 5H), 7.42 (t, 1H, J=7.7Hz), 
7.55 (t, 1H, J=7.3Hz), 7.68 (t, 1H, J=7.3Hz), 7.77 (t, 1H, J=8.0Hz), 7.94 (d, 1H, J=7.7Hz), 8.07 (d,2H, J=8.2Hz), 
8.93 (s, 1 H), 1 1 .99 (bs, 1 H). FABMS: m/z 463 (M*+1). 

EXAMPLE 44 

2-Butyl-3-[(2 , -(carboxy)biphen-4-yl)methyll>7-methylquinazolin-4(3H)-one 

The product of Example 29 was deprotected following the general procedure described above. The product 
was purified by flash chromatography over silica eluting with 40% EtOAc/hexane/ 1% acetic acid. 1 H-NMR 
(CDCI3): 0.91 (t, 3H, J=7.3 Hz), 1.42 (m, 2H), 1.71 (m, 2H), 2.54 (s, 3H), 3.01 (dd, 2H, J=7.8, 7.8 Hz), 5.44 (bs, 
2H), 7.10-7.45 (m. 8H), 7.54 (t, 1H, J=7.5Hz), 7,69 (s, 1H), 7.93 (d, 1H, J=7.7Hz), 8.19 (d, 1H, J=8.1 Hz). 
FABMS: 427 (M++1). 

EXAMPLE 45 

2-Butyl-3-[(2'-(carlx)xy)biph^ 

The product of Example 25 was deprotected following the general procedure described above. The product 
was purified by flash chromatography over silica gel eluting with 25% EtOAc/75% hexane/1% acetic acid. 1 H- 
NMR(CDd 3 ): 0.91 (t, 3H, J=7.3Hz), 1.41 (m, 2H), 1.82 (m, 2H), 2.61 (s, 3H), 2.78 (dd, 2H, J=7.3, 7.3 Hz), 5.44 
(bs, 2H), 7.15-7.61 (m, 9H), 7.92 (d, 1H, J=7.3 Hz), 8.15 (d, 1H, J=7.8Hz). FABMS: 427 (M*+1). 

EXAMPLE 46 

2-Butyi-3-[(2'-(carboxy)biphen-4-yl)methyl}-6-methylquinazolin-4(3H)-one 

The product of Example 26 was deprotected following the general procedure described above. The product 
was purified by flash chromatography over silica gel eluting with 30% EtOAcff0% hexane/1% acetic acid. 1 H- 
NMR (CDCI3): 0.89 (3H, t), 1.38 (m, 2H), 1 .69 (m, 2H), 2.48 (s, 3H), 2.83 (dd, 2H), 5.41 (bs, 2H), 7.16 (d, 2H), 
7.22-7.31 (m, 3H), 7.41 (t, 1H), 7.52 (t, 1H), 7.59 (m, 1H), 7.68 (d, 1H), 7.91 (d, 1H), 8.08 (s, 1H). FABMS: 427 
(M* + 1). 

EXAMPLE 47 

2-Butyl-3-[(2'-(carboxy)biphen-4-yl)^^ 

The product of Example 27 was deprotected following the general procedure described above. The product 
was purified by flash chromatography over silica gel eluting with 70:30:1 EtOAc:hexane:acetic acid, 80% yield. 
iH-NMR (CDCI3): 0.91 (t, 3H, J=7.33Hz), 1.41 (m, 2H), 1.79 (m, 2H), 2.84 (3 line m, 2H, J=7.98Hz), 5.45 (bs, 
2H), 7.18-7.32 (m, 5H), 7.42 (dd, 1H, J=7.7, 7.7Hz), 7.55 (dd, 1H, J=6.4,6.4Hz), 7.77 (d, 1H, J=9.0Hz), 7.92 
(d, 1H, J=7.4Hz), 8.51 (dd, 1H. J=2.6, 9.3Hz), 9.15 (d, 1H, 1=2.6Hz). FABMS M/z 458 (M^+1) calc. for 

^26^23^306, 
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EXAMPLE 48 

2-Butyl-3-[(2'-(carboxy)biphen^ 

5 The product of Example 31 was deprotected following the general procedure described above. Purification 

by flash chromatography over silica gel eluting with 30%EtOAc/hexanes/1 % aceticacid. 1 H-NMR (CDCI3): 0.90 
(t, 3H, J=7.3Hz), 1.40 (m, 2H), 1.80 (m f 2H), 2.43 (s f 3H), 2.57 (s, 3H), 2.77 (3 line m, 2H f J=7.7Hz), 5.44 (bs, 
2H), 7.17-7.42 (m, 7H), 7.53 (dt, 1H, 7.5, 1.4Hz), 7.90-7.95 (m, 2H). FABMS: 441 (M*+1) calc. for CasHzsNaOg. 

10 ALTERNATIVE METHOD OF PREPARING CARBOXYLIC ACIDS FROM t- BUTYL ESTERS 

EXAMPLE 49 

6-lsopropyl-2-propyl-3-[(2'-carboxybiphen-4-yl)methyl]--quina2olin«4(3H)-one 

15 

A solution of 6-isopropyl-2-n-propyl-3-t(2'-(t-butoxycarbonyI)biphen-4-yl)-methyl]quinazolin-4(3H)-one 
(0.198 g f 0.44 mmol) in a mixture of methylene chloride (3 ml) and anhydrous trifluoro acetic acid (3 ml) con- 
taining anisole (0.05 ml) was stirred at room temperature for 4 hours. The solvent was then removed under 
reduced pressure and the residue was triturated with dry ether to give the solid product, which was then col- 
20 lected by Alteration and dried in vacuo over NaOH and P 2 0 5 to give the desired product as the mono trifluor- 
oacetate salt. *H-NMR(CDCI 3 ): 0.91 (t, 3H, J=7.35Hz), 1.32 (d, 6H, J=6.9Hz), 1.47 (m, 2H), 1.72 (m, 2H), 3.12 
(m, 3H), 5.48 (s, 2H), 7.14-7.96 (m, 11H), 8.16 (d, 1H. J=1.9Hz). FAB-MS: m/e 399 (M+H). 

EXAMPLE 50 

25 

6-lsopropyl-2-propyl-3-[(2'-(N-dibenzylphosph 

The carboxylic acid (1 mMol), obtained from Example 49 is dissolved in dry THF (10 ml), and to the solution 
is added 1,1'carbonyi-diimidazole (2.2 mMol). The mixture is refluxed for 3-4 hours and then cooled down to 

30 room temperature. A stream of ammonia is then introduced into the reaction, and the desired amide is isolated 
after evaporation of the solvent and recrystallization of the crude product The amide, thus obtained, is dissolved 
in dry THF (10 mL) and treated with BuLi (1.1 equiv.) at -78°C. To the resulting lithium salt is then added dn 
benzylphosphoryl chloride at -78°C. The mixture is then warmed to room temperature and stirred overnight 
The solvent is removed in vacuo, and the residue is then partitioned between EtOAc and water. The organic 

35 phase is dried over MgS0 4 and concentrated to give the crude product, which is then purified by flash chro- 
matography using silica gel. 

PREPARATION OF 1,2 DISUBST1TUTED QUINAZOLIN-4(1H)-ONES 

40 EXAMPLE 51 

N-Valeroyl-2-aminobenzonitrile 

To a solution of 500 mg 2-aminobenzonitrile (4.23 mmol), 514 mg triethylamine (5.08 mmol), and 50 mg 
45 DMAP (0.41 mmol) in 6 mL CH 2 CI 2 at 0°C was added 562 mg valeroyl chloride (4.66 mmol) dropwise over 1 
minute. The mixture was warmed to room temperature and stirred for 20 minutes. The mixture was then diluted 
with water and brine and was extracted three times with ether. The combined organic material was dried over 
MgS0 4 , stripped of soivent in vacuo , and was purified by flash chromatography over silica eluting with 20% 
ethyl acetate in hexane to give the title compound. R, 0.22 in 20% ethyl acetate in hexane. *H-NMR (300 MHz, 
so CDCI3): 8.42 (d, 1H), 7.60-7.10 (m, 2H), 6.72 (m, 1H), 4.40 (br s, 1H), 2.46 (t, 2H) f 1.74 (m, 2H), 1.43 (m. 2H), 
0.97 (t,3H) 

EXAMPLE 52 

55 N-Va»eroyl-N-[(2 , -(t-butoxycarbonyl)biphen-4-yi)methyl]-2-aminobenzonitrile 

To a solution of 146 mg of the product from Example 51 (0.72 mmol), 250 mg (0.72 mmol) 4-bromomethyl- 
2'-t-butoxycarbonylbiphenyl, and 1 1 9 mg Nal (0.79 mmol) in 4 mL DMF was added 46 mg 60% NaH dispersion 
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in oil (1.15 mmol) at room temperature. After 45 minutes the mixture was diluted with water and brine and then 
was extracted three times with ether. The combined organic material was dried over MgS0 4i stripped off solvent 
in vacuo, and was purified by MPLC over silica eluting with 20% ethyl acetate in hexane. Rf 0.20 in 20% ethyl 
acetate in hexane. 1 H-NMR (300 MHz, CDCIg): 7.75 (d, J = 7.7 Hz, 2H), 7.58-7.20 (m, 9H), 6.99 (d, J = 7.7 Hz, 
5 1H), 5.60 (d, J = 14.5 Hz, 1H), 4.42 (d, J = 14.3 Hz, 1H), 2.05 (m, 2H), 1.62 (m, 2H), 1.26 (s, 9H), 1.25 (m, 2H), 
0.85 (t,3H) 

EXAMPLE 53 

10 2-Butyl-1-[(2M carb oxy)biphen-4-yl)methyi]quinazol»n-4(1H)-one 

To a solution of the purified N-valeroyl-N-[(2'-(t-butoxycarbonyl)biphen-4-yl)methyl}-2-aminobenzonitrile 
(from Example 52) in 4 mL methanol were added 245 mL 30% H 2 02 and 720 mL 3.0 N NaOH at room temper- 
ature. The mixture was heated to reflux for 1 hour. An additional 245 mL 30% H2O2 was added and the mixture 

is was refluxed for an additional 45 minutes. The solution was diluted with brine then extracted three times with 
ether. The combined organic material was dried over MgS0 4 , stripped of solvent in vacuo , and was flash chro- 
matographed over silica eluting with 25% ethyl acetate in methylene chloride to give a white solid, Rf 0.13 in 
25% ethyl acetate in methylene chloride. The solid was stirred in 4 mL CH 2 C! 2 and 4 m *- over 4 hours. 
The volatiles were removed in vacuo and the crude material was flash chromatographed over silica eluting with 

2D 1:4:95 acetic acid/methanol/methylene chloride to give a white crystalline solid. Rf 0.14 in 1:4:95 acetic 
acid/methanol/methylene chloride. 'H-NMR (300 MHz, CD 3 OD): 8 8.34 (m, 1H), 7.89-7.06 (m, 11H), 5.79 (s, 
2H), 3.01 (3 line m, 2H), 1.81 (m, 2H), 1.49 (m, 2H), 0.95 (t, 3H). FABMS mfe 413 (M + +1). 

Example 54 

25 

6-lsopropyl-2-propyl-3-(2 , -(aminosulfonyl)(biphen-4"yl)methyl)Hjuinazolin-4(1H)-one 

Step 1 : 6-lsopropyt-2-propyl-3-(2 -((tert-butylamino)sulfonyl)(biphen-4-yl)methyl)-quinazolin-4(1 H)-one 

30 6-lsopropyl-2-propyl-quinolin-4(3H)-one (0.75 mmol) is added to a stirred suspension of sodium hydride 
(60% dispersion) (0.75 mmol) in dimethylformamide (3 ml) at 0°C under nitrogen. The mixture is then stirred 
at room temperature until the solution is clear. A solution of 4 f -(bromomethyl)biphenyl-2-tert-butylsuffonamide 
(0.832 mmol) in dimethylformamide (3 ml) is added dropwise and the solution is stirred at room temperature 
overnight The solvent is removed in vacuo, and the residue is purified by flash chromatography (silica gel) to 

35 provide the desired titled product 

Step 2: 6-lsopropyl-2-propyl-3-(2 , -(aminosulfonyl)(biphen-4-yl)methyl)-quinazolin-4(1 H)-one 

Anisole is added to a stirred solution of the compound from Step 1 (0.554 mmol) in trifluoroacetic acid (6 
40 ml) under nitrogen at room temperature. The solution is stirred at room temperature for 8 h then the solvent 
removed in vacuo . Flash chromatography affords the titled product 

Example 55 

45 6-lsopropyl2-propyl-3-(2'-((isopropylsutfonylam H)-one 

To a stirred suspension of NaH in dry DMF under nitrogen at room temperature is added 6-isopropyl-2- 
propyi-3-(2'-(aminosurfonyl(biphen-4~yl)methyi>-quinazol in-4-one. After stirring for 30 minutes at room temper- 
ature, isopropylsulfonyl-chloride is added, and the resulting mixture is stirred at room temperature overnight 
so The reaction mixture is poured into ice water, acidified with 5% citric acid solution and extracted with chloroform. 
The combined organic phase is washed with water and brine, and then dried over MgS0 4 . Removal of the sol- 
vent in vacuo gives the crude product as a foam which is purified by flash-chromatography using silica gel to 
give the desired product 

55 
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Example 56 

6-lsopropyl2-propy1-3-(2X(diben^ 

Toastirred solution of 6-lsopropyl-2-propyt-3-(2'-(aminosulfonyl-bi>hen^yl)methyl)quina2olin-4(1H)-one 
in dry THF Is added n-BuU at 0°C. After stirring for a few minutes at that temperature, a solution of dibenzyl- 
phosphorylchloride in THF is added, and the resulting mixture is stirred at room temperature overnight The 
reaction mixture is concentrated under reduced pressure, and the residue is treated with 5% citric acid solution 
and extracted with methylene chloride. The organic phase is washed with water and brine, and then dried over 
MgS0 4 . The crude product obtained after removal of the solvent is purified on silica-gel by flash- 
chromatography. 

Example 57 

6-lsopropyl-2-propyl-3-(2'-((N-hydroxy-amino)sd 

Step 1 : 6-lsopropyl-2-propyl-3-(2'-((CHert-butyl-N^^ 
4(1H)-one *~~ *~ 

6-lsopropyl-2-propyJ-quinazolin-4(1H)-one is added to a stirred suspension of sodium hydride in dimethyl- 
formamide at 0°C under nitrogen. The mixture is then stirred at room temperature. A solution of 4'-bromome- 
thylbiphenyl-2-(0-tert-butyl)-N-hydroxysulfonamide in dimethylformamide is added dropwise and the solution 
stirred at room temperature overnight The crude product obtained after removal of the solvent in vacuo is puri- 
fied by flash chromatography (silica gel) to give the titled compound. 

Step 2: 6-lsopropyl-2-propyl-3-(2^(N-hydroxyamino)sulfonyl-b^ 

The compound obtained in Step 1 is treated with trifiuoroacetic acid and a few drops of anisole at room 
temperature for several hours. Removal of the solvent in vacuo followed by recrystallization of the crude product 
from an appropriate solvent gives the titled product 

EXAMPLES 58 TO 65 

The compounds of the Formula (II) exemplified in Table D are prepared from the appropriate substituted 
starting materials utilizing the general procedures outlined in the examples hereinabove and the noted 
schemes. 
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TftPTiK D (CQN'T) 



10 



Exanple 



R 1 



R 6 R 7a R 7b R 8> pBb ScheTO 



15 



20 



25 



62 
63 

64 

65 
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O 
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EXAMPLES 66 TO 76 

30 The compounds of the formula (III) exemplified In Table E are prepared from the appropriately substituted 
starting material utilizing the general procedures outlined in the examples hereinabove and the noted schemes. 
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EXAMPLES 77 TO 81 



30 The compounds of the formula (IV) exemplified in Table F are prepared from the appropriate substituted 
starting material utilizing the general procedures outlined in the examples hereinabove and the noted schemes. 
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PREPARATION OF 6-N-SUBST1TUTED 3[(2^(ALKOXYCARBONm--SULPHONAMIDO)BIPHEN-4-YL)ME> 
THYL]-2-ALKYL-QUlNAZOUN-4(3H)-ONES 

EXAMPLE 82 

6-Nitrp-2-propyl-3-((2 , -(sulphonamido)biphen-4-yl) methyl>quinazolin-4(3H)-one 



To a solution of 6-nitro-2-propylquinazolin-4(1H)-one (2,44g , 6.39 mmol)(prepared as described in Ex- 
ample 16) and 4'-bromomethylbiphenyl-2-tert-butyf-sulfonamide (1.56 g , 6.71 mmol) in DMF ( 50 mL) pow- 
55 • dered K 2 C0 3 was added ( 6.0 g) and the reaction was vigorously stirred for 72 hrs. The reaction mixture was 
diluted with water and the yellow precipitate formed was filtered and dried. To the crude intermediate anisole 
(1 .5 mL) was added followed by the addition of TFA ( 25 mL) . The solution was stirred overnight at room tem- 
perature, concentrated in vacuo, and the residue was dissolved in AcOEt and washed with 5% NaHCO* The 

86 



EP 0 512 870 A1 



crystalline product formed in the organic layer was filtered, washed with water and AcOEt to give the title com- 
pound. 

1 H-NMR (CDCI3) : 8 0.92-1 .08 (t, J=7.4 Hz, 3H), 1 .78-1 .92 (m, 2H), 2.78 (t, J=7.4, 2H), 5.47 (s, 2H), 7.1 8- 
7.62 (m, 7H), 7.80 (d, J=9.0Hz, 1H), 8.04-8.15 (m, 1H) t 8.53 (dd, J=9.0, J=2.6 Hz, 1H), 9.09 (d, J=2.6 Hz, 1H). 

5 

EXAMPLE 83 

2-Butyl-3-[(2 l -(t-butylsulphonamido) biphen-4-yl) methyl]-6-nitro-quinazolin-4(3H)-one. 

10 Amixtureof 1. 68 g (6.8 mmol) of 2-butyk6-nitroquinazolln-4(1H)-one (prepared as desOT in Example 

22), 2.88 g (7.5 mmol) of (4'-bromomethylbiphenyl-2-tert-butyl-sulfonamide f 3.7 mLof 2N NaOH solution, 1.4 
mL of 40% N-benzyi-N-dimethyl ammonium hydroxide in MeOH in 9ml of toluene was heated at 90°C for 18 
hours. The suspension was cooled to room temperature and filtered. The residue was washed with 10 mL of 
water followed by 10 mL of EtOAc to provide the title compound. 1 H-NMR (CDd r 200MHz): 8 0.96 (t, 3H, 

15 J=7.3Hz), 0.99 (s, 9H), 1.45 (m, 2H), 1.72 (m, 2H), 2.84 (t, 2H, J=8.1Hz), 3.52 (s, 1H), 5.48 (bs, 2H), 7.29 (m, 
3H), 7.52 (m, 3H), 7.80 (d, 1H, J=9Hz), 8.16 (dd, 1H, J=7.2, 1.7Hz), 8.54 (dd, 1H, J=2.5, 9.0Hz), 9.17 (d, 1H, 
J=2.5Hz). 

The products of Examples 82 and 83 were then utilized as illustrated in Scheme 36, shown below (R* 
= -ER 6 ). Examples of preparations using each route are described hereinbelow. 

20 

fiPHEME 36 



25 
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fiCflRME 36 (CONT.) 




40 SYNTHESIS VIA SYNTHETIC ROUTE A 
Example 84 

3-[(2'-(rvButyloxycaiftonylsulphonamido)bipte^ 

45 

To a stirred solution of the product of the Example 82 (1 00 mg, 0.21 mmol) and DMAP (40 mg, 0.33 mmol) 
in dry pyridine (3 mL) n-butylchloroformate (100 mL 0.78 mmol) was added at room temperature and stirring 
was continued overnight Dilute HCI was added and the product was extracted with AcOEt Purification by silica 
gel chromatography provided the title compound. 
so 1 H-NMR (CDCI 3 ): 6 0.81(t, J=7.2 Hz, 3H), 1.00-1.26 (m,5H), 1.36-1.52 (m,2H), 1.78-1.96 (m, 2H), 2.84(t, J=7.2 
Hz, 2H), 4.00 (t, J=6.6 Hz, 2H), 5.46 (s, 2H), 7.08 ( bs, 1H), 7.21-7.36 (m, 4H), 7.51-7.68(m, 3H), 7.77(d,J=7.8 
Hz, 1H), 8.24(d, J=7.8 Hz, 1H), 8.51( dd, J=9.6, J=2.6 Hz, 1H), 9.11(d, J=2.6 Hz, 1H). 

Example 85 

55 

6-Amino-3-[(2 f -(n-butyloxycarbonylsulphon 

The product of the Example 84 (63 mg, 0.11 mmol) was hydrogenated overnight under 1 atm H 2 in dbxane 
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(3 mL) in the presence of 10% Pd on carbon catalyst The reaction mixture was filtered through Celite and 
evaporated. Purification with silica gel chromatography provided the title compound. 

1 H-NMR (CDCl3/CD 3 OD- 2/I) : 6 0.74 (t, J=7.4 Hz, 3H),0.95-1.22 (m.5H), 1.30-1.42 (m,2H) f 1.71-1.90 
(m, 2H), 2.76(t, J=8.0 Hz, 2H), 3.88 (t, J=6.6 Hz, 2H), 5.40 (s, 2H). 7.08-7.64(m, 10H), 8.17(dd, J=9.4, J=1.6 
Hz, 1H). 

Example 86 

6-[(N-n-Butylcarbamoyl)amino]-3-[(2^ 
zolin-4(3H)-one 

To the solution of the product of the Example 85 (16.3 mg, 0.03 mmol) in C^Cydioxane 1/1 (1.5 mL) n- 
butylisocyanate (0.1 mL, 0.89 mmol) was added at room temperature. After 48 hrs. the reaction mixture was 
purified by silica gel chromatography to provide the title compound. 1 H-NMR (CDCI3/CD3OD- 2/1) : 6 0.75 (t, 
J=7.0 hz, 3H), 0.83-1. 20(m, 8H), 1.26-1.54(m, 6H), 1.73-1.89(m, 2H), 2.81(t, J=7.4 Hz, 2H), 3.18(t, J=7.0 Hz, 
2H), 3.90 (t, J=6.6 Hz, 2H), 5.41(s,2H), 7.13(d,J=8.1 Hz, 2H), 7.21-7.30(m, 3H), 7.42-7.64(m, 4H), 7.92-8.06(m, 
2H), 8.16(dd, J=7.8, J=1.4 Hz, 1H). 

SYNTHESIS VIA SYNTHETIC ROUTE B 

Example 87 

[6-(N-EtKylcarbamoyl)-amino>2-propyl-3-[(2'-(sulphonamido) biphen-4-yl) methyi]-quinazolin-4(3H)-one 

* 

The product of the Example 82 (1.77 g, 3.70 mmol) was hydrogenated under 1 atm H 2 In dioxane (3 mL) 
in the presence of 10% Pd on carbon catalyst until both the starting material and the reduction intermediate 
were consumed as monitored by TLC (CH 2 CI 2 /MeOH - 20/1). The reaction mixture was filtered through Celite 
and evaporated. The so obtained crude amine was dissolved in CH 2 CI 2 and ethyl isocyanate (2.0 mL, 25 mmol) 
was added. After 36 hrs. at room temperature, the precipitate formed was filtered off, boiled with 1 0 mL of MeOH 
and cooled and filtered to provide the title compound. 'H-NMR (CDCI3/CD3OD- 2/1) : 8 0.99 (t, J=7.2 Hz, 
3H),1.13 (t, J=7.4 Hz, 3H), 1.66-1.87(m, 3H), 2.70-2.82 (m, 2H), 3.22(q, J=7.2 Hz. 2H), 5.43(s, 2H), 7.15- 
7.28(m, 3H), 7.35-7.62(m, 6H), 7.61-8.11(m, 3H). 

Example 88 

3-[(2 f -(n-1Sutyloxycarbonylsulphonamido) biphen-4-yl)methyl]-6-[(N-ethylcarbamoyl)-amino]-2-propyl-quina- 
zolin-4(3H)-one 

To a Stirred solution of the product of the Example 87 (45 mg, 0.092 mmol) and DMAP (10 mg, 0.082 mmol) 
in dry pyridine (1 mL) n-butylchloroformate (0.05 mL, 0.36 mmol) was added at room temperature and stirring 
was continued overnight. Dilute HCI was added and the product was extracted with AcOEL Purification by silica 
gel chromatography provided the title compound. 

1H-NMR (CDCJ3) : 6 0.75(t, J=7.0 Hz, 3H), 0.95-1.22 (m,8H), 1.38-1.54 (m,2H),1.72-1.90(m, 2H), 2.78(t, J=7.4 
Hz, 2H), 3.22(q, J=7.2 Hz, 2H), 3.89(t, J=6.6 Hz, 2H), 5.40(s, 2H), 7.12(d, J=8.2 Hz, 2H), 7.22-7.30(m, 3H), 
7.45-7.66(m, 3H), 7.97-8.06(m, 2H), 8.17(dd, J=7.6, 1.6 Hz, 1H). 

SYNTHESIS VIA SYNTHETIC ROUTE C 

Example 89 

H(2H2-N,N-Dimethylamino(ethoxyrarbonylsulph 
no]-2-propyl-quinazolin-4(3H)-one 

A solution of the product of the Example 88 (7 mg, 0.01 1 mmol) was heated in N,N-dimethylaminoethanol 
( 0.5 mL) at 100° overnight. Excess of N,N-dimethylaminoethanol was removed in vac. and the product was 
purified on silica gel to provide the title compound. 

1 H-NMR (CDCyCDIsOD - 2/1) : 8 0.98 (t, J=7.2 Hz, 3H),1.09 (t, J=7.2 Hz, 3H), 1 .73-1 .84 (m,2H), 2.73 (s, 6H), 
3.13-3.21 (m, 4H), 3.25-3.33 (m, 2H), 3.80-3.86(m, 2H), 5.35(s,2H), 7.04(d, J=8.1 Hz, 2H), 7.17(dd, J=7.2, 1.8 
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Hz, 1H), 7.32(d, J=8.1 Hz, 2H), 7.39-7.67(m,3H). 7.64(dd, J=9.0. J=2.4 Hz,1H), 8.11(dd, J=7.8, 1.5 Hz, 
1H),8.22(d, J=2.4Hz, 1H). 

SYNTHESIS VIA SYNTHETIC ROUTE D 

Example 90 

6-AminO"2-butyl-3-[(2'-(t-butyisulphonamido)-biphefv4>yl) methyl}-quinazolin-4(3H)-one 

The product of the Example 83 was hydrogenated analogously to the procedure described in Example 85 
to provide the title compound. 

Example 91 

2>Butyl-6-[(N-feopropyl-N-methylcarbamoyl)-amino]-3-[(2'-(t-butylsulphonamido) biphen-4-yl)methyl]quina- 
zolin-4(3H)-one 

To a flask containing triphosgene (100 mg, 0.34 mmol) a solution of the product of the Example 90 
(185mg.0.357 mmol) in pyridine (2mL) was cannulated (vigorous reaction) and the stirring was continued for 
1 hr. at room temp. N-lsopropyl-N-methytamine was added and after 2 hrs the reaction mixture was diluted 
with water and extracted with AcOEt/THF mixture. The intermediate product was isolated by purification on sil- 
icage) Chromatotron plate (CH2CI2/ MeOH - 20/1) to give 140 mg of yellow glass which was heated with the 
excess of N-isopropyl-N-methylamine (2.0 mL) in pressure vial at 1 00-1 1 0° for 24 hrs. The mixture was evapo- 
rated to dryness and the' residue was separated on silica gel Chromatotron plate (Ch^CI^MeOH - 20/1) to yield 
solid material which was deprotected overnight at room temp, with TFA as described in Example 1. After re- 
moving TFA in vac. the residue was separated on silicagel Chromatotron plate (CH2CI2/ MeOH - 20/1) to give 
the title product and the 6-amlno product 

'H-NMR (CDCI3) : 8 0.90(t, J=7.2 Hz, 3H), 1,15(d, J=8.0 Hz, 6H), 1.30-1.49(m, 2H), 1.64-1.83(m, 2H), 2.72(t, 
J=7.3 Ha 2H), 4.50-4.63(m, 1H), 4,72(s, 2H), 5.36(s, 2H), 6.91(s, 1H), 7.14-7.28(m, 3H), 7.33-7.58(m, 5H), 
7.85(d,J=2.5 Hz, 1H).8.03-820(m, 2H). 

Example 92 

2-Butyl-[(N-isopropyl-N^ethylcarbamoyl>am 
thyfrquinazolin-4(3H)-one 

From the product of the Example 10 the title product was obtained as in the Example 91 Purification on 
silica gel {CH 2 Cy MeOH - 30/1) gave the title product 

1 H-NMR (CDCVCDgOD- 2/1) : 6 0.77(t J=7.3Hz, 3H), 0.92(t J=72 Hz, 3H), 1.03-1.21 (m, 8H), 1.30-1.51(m, 
4H), 1.61-1.81(m, 2H), 2.77-2.90(m, 5H), 3.91(t, J=6.4 Hz,2H), 4.44-4.59(m. 1H), 5.44(s, 2H), 7.14(d, J=8.8 
Hz, 2H), 7.21-7.31 (m,3H), 7.43-7.65(m, 3H), 7.98-8J20(m, 3H). 

The following compounds, Examples 93-104, were prepared utilizing the protocols described above. 
Mass spec, data is also provided for example compounds previouly described. 
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Preparation of 6-aryl and 6-heteroaryl-3-[(2 / -(alkoxycarbonylsulphonamido)biphen^-yl)meth^ 
hazolin-4(3H)-ones 

EXAMPLE 117 

6-(2-Pyridyl)-2"propyl-3-[(2 , -(n-butyloxycarbonylsulphonamido)D 
STEP 1 

6-lodo-2-propyl-quinazolin-4(3H)-one 

Following the procedure described as in the preparation of 6-nitro-2-propylquinazolin-4(1 H)-one above. 25 
g of 5-iodoanthranilic acid was converted into the title compound. 1 H-NMR (CDCI 3 , 200MHz): 8 1.02 (t, 3H, 
J=7.4Hz), 1.81 (m, 2H), 2.63 (t, 2H, J=7.4Hz), 7.40 (d, 1H, J=8.6Hz), 8.07 (dd, 1H, J=2, 8.7Hz).1H, J=8.6Hz), 
8.07 (dd.1H f J=2, 8.7Hz). 

STEP 2 

6-lodo-2-propyl-3-[(2Mt-buty1sulphonamid^^ 

Following the general procedure described above 6-iodo-2-propyl-quinazolin-4(3H)-one was alkylated with 
4'-bromomethylbiphenyl-2-tert-butylsulfbnamide to give, following flash chromatography over silica gel eluting 
with 20% EtOAc/hexanes, the title compound. 'H-NMR (CDd 3 , 200 MHz): 8 0.97 (s f 9H), 1.01 (t, 3H, J=7.3Hz), 
1.82 (m, 2H) P 2.73 (t, 2H, J=7.8Hz), 5.43 (bs, 2H), 7.15-7.65 (m, 8H), 7.99 (dd, 1H, J=2.1, 8.6Hz), 8.15 (dd, 
1 H, J=1 .46, 7.5Hz), 8.62 (d, 1 H, J=2Hz). 

STEP 3 

6-(2-Pyridyl)-2-propyl-3-[^^ 

A solution of 0.5 g (0.8 mmol) of 6-k>do-2-propyl -3-[(2'-(t-butylsulphonamido)biphen-4-yl)meth^quina- 
zolin-4(3H)-one in 3 mL of dry DMF under nitrogen was treated with 0.24 g (1 .1 mmol) of 2-trirrwthylstannylpyr- 
idine and 10 mg (0.01 mmol) bis(triphenylphophine)palladium dichloride. The solution was heated at 80-90°C 
for 2 hours to give a black solution. The reaction mixture was concentrated in vacuo and the residue was purified 
by flash chromatography over silica gel eluting with 40% EtOAc/hexanes to give the title compound. 
1 H-NMR (CDd 3 , 200 MHz): 8 0.98 (s, 9H), 1 .06 (t, 3H f ), 1.78 (m, 2H), 2.76 (t, 2H f ), 5.49 (bs, 2H), 7.29 (m. 7H), 
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8.50 (m t 8H), 7.75-7.91 (m, 2H), .8.15 (dd,1H), 8.57 (dd, 1H), 8.71 (dm, 1H), 8.82 (d, 1H). 
STEP 4 

5 6-(2-Pyridyl)-2-propyl-3-[(2'-(sulpto^ one 

0.15 g (0.26 mmpl) of 6-(2-pyridyl)-2-propyl-3-[(2'-(t-butylsulphonam 
4(3H)-one was stirred overnight in the presence of 0.5 mL of anisole and 5 mL of trifluoroacetic acid. The re- 
action mixture was concentrated in vacuo and the residue was purified by flash chromatography to give the 
10 title compound as a white solid. 1 H-NMR (CDCI 3 . 200 MHz): 8 1 .06 (t, 3H, J=7.4 Hz). 1.90 (m, 2H), 3.81 (t, 2H) f 
4.20 (bs, 2H), 5. 40 (bs, 2H0, 7.28-7.62 (m, 8H), 7.85 (d, 1H, J=8.6 Hz), 7.96 (m, 2H), 8.14 (dd, 1H t J=1.6, 9.3 
Hz), 8.50 (dd, 1H, J=2.0, 8.5 Hz), 8.84 (d, 1H, J=2 Hz). 

STEPS 

15 

6-(2-PynW)-2-propyl-3-[(2'-(n-butyloxyca 

0.066 g (0.13 mmol) of 6-(2-pyridyl)-2-propyl-3-[(2'-(sulphonamido)biphen-4-yl)methyl]-quinazolin-4(3H)- 
one was dissolved in 1 mL of pyridine and treated with 65 mg of DMAP and 100^1 of n-butyichloroformate and 
20 stirred over night The reaction mixture was diluted with 20 mL of EtOAc and washed with saturated NH 4 CI sol- 
ution (1x5 mL), water (1x5 mL), brine (1x5 mL) and was dired over MgS0 4 . The mixture was filtered and 
concentrated in vacuo to give a residue which was purified by Chromatotron chromatography eluting with 5% 
MeOH/CH 2 CI 2 to give the title compound. 

1 H-NMR (CDCI 3 , 200 MHz): 0.78 (t, 3H, J=7.3Hz), 1.05 (t, 3H, J=7.3Hz), 1.13 (m, 2H), 1.40 (m, 2H), 1.89 
25 (m, 2H), 2.81 (t, 2H, J=8.0 Hz), 3.95 (t, 2H, J=6.5a Hz), 5.49 (bs, 2H), 7.29 (m, 6H), 7.59 (m, 2H), 7.82 (m, 3H), 
8.26 (dd, 1 H, J=1 .4, 7.6Hz), 8.54 (dd, 1 H, J=8.6, 1 .4Hz), 8.72 (d, 1 H, J=4.4Hz), 8.83 (d, 1 H, J=2.0Hz>. 

The following compounds, having the general formula of the compounds of Examples 93-1 1 6, were pre- 
pared utilizing the above methods: 
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40 PREPARATION OF 6-((PIPERAZINYL AND IMIDAZOLYL)METHYL)-2-PROPYL-QUINAZOLIN-4(3H)- 
ONES 

EXAMPLE 21 

45 6-(N1(N2-cyclopropyfcarbonyl)piperazin^ 
4-yl)methyl]-quinazoNn-4(3H)-one 

STEP 1 

50 6-Bromomethyl-2-propyl-quinazolin-4(3H)-one. 

The product of Example 8 was converted into the title compound in the manner described in Example 18. 
1H-NMR (CDCI3, 200 MHz): 1.07 (t, 3H, J=7.4 Hz), 1.90 (m, 2H), 2.73 (t, 2H, J=7.1Hz), 4.61 (s, 2H), 7.5-8.2 
(m, 3H). 
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STEP 2 

6-(N1(N2-t-Butoxycarbonyl)piperazin^ 

5 To a solution of 0.64 g (2.3 mmol) of 6-bromomethyk2-propyl-quinazolin-4(3H)-one in 7 mL of dry DMF 

was added 0.64 g powdered K 2 C0 3 and 1.64 g (3.4 mmol) of N1-CBZ-piperazine. The reaction mixture was 
stirred over night, diluted with 50 mL of EtOAc and washed with water (2x10 mL) and brine (1x10 mL). The 
organic phase was dried over MgS0 4 , filtered and concentrated in vacuo. The residue was purified by flash 
chromatography over silica gel eluting with 5% MeOH/CHjCfe to provide the title compound. 

10 'H-NMR (CDCI3, 200 MHz):1.07 (t, 3H, J=7.4Hz), 1.89 (m, 2H) t 2.42 (t, 4H, J=4.9 Hz), 2.77 (t, 2H, J=7.2Hz), 
3.52 (t, 4H, J=4.9 Hz), 3.64 (s, 2H), 5.12 (s, 2H), 7.32 (s, 4H), 7.65 (d, 1H, J=8.3), 7.77 (d, 1H, J=9.7 Hz), 8.16 
(s, 1H), 11.71 (bs,1H). 

STEP 3 

15 

6-(N1(N2-CBZ)piperainyl)methy1-2-p^ 
(3H)-one 

To a suspension of 0.4 g (0.95 mmol) of 6-(N1(N2-butoxycarbonyl)piperazinyl)methy1-2-propy1-quinazoltn- 
20 4(3H)-one in 3 mL of dry DMF was added 0.24 mL (0.24 mmol) of a 1 M solution of sodium hexamethydisilazide 
in THF at 0°C to give a pale yellow solution. After 10 minutes a solution of 0.15 g (0.27 mmol) of 4'-bromome- 
thylbiphenyf-2-tert-butylsulfonamide was added in 1 mL of dry DMF. The solution was stirred at room temper- 
ature over night, diluted with 25 mL of EtOAc and washed with water (2 x 20 mL) followed by brine (1x10 mL) 
and dried over MgS0 4 . The solution was filtered and the filtrate was concentrated in vacuo and the residue 
25 was purified by flash chromatography over silica gel eluting with 65 % EtOAc/hexanes to provide the title com- 
pound. 

1H-NMR (CDCI3, 200 MHz): 0.97 (s, 9H), 1.03 (t, 3H), 1.88 (m, 2H), 2.42 (bs, 4H), 2.75 (t, 2H), 3.52 (m, 4H), 
3.63 (s, 2H), 5.12 (s, 2H), 5.46 (bs, 2H), 7.28 (d, 2H, J=6.3Hz), 7.34 (bs, 4H), 7.42-7.85 (m, 8H), 8.19 (bm, 2H). 

30 STEP 4 

6-(N1(N2-cyciopropylcarbonyl)piperazinyl)methy1-2-piopyl -3-[(2'-(n-butyloxycarbonylsulphonamido)biphen- 
4-yf)methyi]-quinazolin-4(3H)-one 

35 0.5 g of 6-(N1(N2-CBZ)piperazinyl)methyl-2-pro 

nazolin-4(3H)-one was stirred over night in 5 mL of trifluoroacetic acid and 0.5 mL of anisole. The reaction mix- 
ture was concentrated in vacuo and the residue was purified by flash chromatography over silica gel to give 
0.38 g of a colorless foam. 0.146 g of the product was stirred over 3 days with 220 uL of n- butyl choroformate 
in 15 mL of pyridine and a catalytic amount of DMAP. The reaction mixture was concentrated in vacuo and 

40 the residue was dissolved in MeOH. The MeOH solution was applied a column of Amberiyst A-27 resin in the 
basic cycle. The column was eluted with MeOH until the eluant was neutral. The column was then eluted with 
5% Acetic acid to give the product as a colorless foam. The sulfonylcarbamate was hydrogenated over night 
at atmospheric pressure in MeOH in the presence of 1 0% Pd/C. The reaction mixture was filtered and concen- 
trated in vacuo to give a glass. 30 mg of the resulting piperazine was acylated by stirring over night with 1 mL 

45 of CH2CI2 and 17ul of diisopropylethyl amine and 7 uL of cyclopropyl carbonyl chloride. The reaction mixture 
was diluted with 20 mL of EtOAc and washed with saturated NH4CI (1x5 mL) and brine (1x5 mL). The reaction 
mixture was dried over MgS0 4 , filtered and concentrated in vacuo. The prodcut was purified by silica gel chro- 
matography eluting with 5% MeOH/CH 2 d 2 to provide the title compound. 

'H-NMR (CDCIa, 200 MHz): 0.7-0.85 (m, 2H), 0.80 (t, 3H, J=7.6Hz), 0.95 (m, 2H), 1.03 (t, 3H, J=7.2Hz), 1.15 
50 (m, 2H), 1.41 (m. 2H), 1.72 (m, 1H), 1.72 (m, 2H), 2.49 (m, 4H), 2.78 (t, 2H, J=7.8Hz), 3.65 (bs, 4H), 3.97 (t, 
2H, J=6.6Hz), 5.46 (bs, 2H), 7.26 (m, 4H), 7.50-7.82 (m, 4H), 8.20 (d, 1H, J=1.4Hz), 8.24 (dd, 1H, J=1.41, 9.12 
Hz). 
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EXAMPLE 122 

6-(N1(N2-acetyl)piperazinyl)meth^ 
quinazolin-4(3H)-one 

Following the method described in Example 117, Step 4, the title compound was prepared by acylation of 
the piperazine from Example 108, Step 3, with acetyl choride in place of cyclopropylcarbonyl choride. 

EXAMPLE 123 

6-(N1-lmidazoly1methyl)-2-propyl-3-[(2^ 
4(3H)-one 

STEP 1 

6-(N1-lmidazolylmethyl)-2-propyl-quinazolin-4(3H)-one 

To a solution of 0.20 g (3 mmol) of imidazole in 3 mL of dry DMF was added 79 mg of 80 % NaH (3.3 mmol). 
After hydrogen evolution had ceased a solution of 0.28 g (1 mmol) of 6-bromomethyl-2-propyl-quinazolin-4(3H)- 
one was added in 1 mL of DMF. The reaction mixture was heated at 60°C for 6 hours and was then stinted at 
room temperature for a further 2 days. The mixture was diluted with 25 mL of EtOAc and washed with saturated 
NaHC0 3 (1x5 mL), water (1x5 mL) and brine (1x5 mL) and was dried over MgS0 4 . The solution was filtered 
and concentrated in vacuo and the residue was purified by flash chromatography over silica gel eluting with 
7% MeOH/CH 2 CI 2 to provide the title compound. 

1H-NMR (CDCI 3? 200 MHz): 5 1.06 (t, 3H, J=7.6Hz), 1.83 (m, 2H), 2.70 (t, 2H, J=7.8Hz), 5.23 (s, 2H), 
6.92 (s, 1H), 7.10 (s, 1H), 7.47-7.70 (m, 3H), 8.11 (m, 1H). 

STEP 2 

6-(N1-lmidazoly1methyl)-2-propyl-3-[^ 

6-(N1-imidazolylmethyl)-2-propyl-quinazolin-4 (3H)-one was alkylated with 4'-bromomethylbiphenyl-2- 
tert-butyl-sulfonamide to give the title compound in the manner described above, Example 121, Step 3, to give 
the title product 

STEP 3 

6-(N1-lmidazolylmethyl)-2-propyl^ 
4(3H)-one 

Deprotection of the t-butyl sulfonamide and acylation of the resulting sulfonamaide as described in Example 
121, Step 4 , with n-butylchloroformate gave the title compound following purification by chromatography over 
silica eluting with 5% MeOH/CH 2 CI 2 . 1 H-NMR (CDCI 3 , 400 MHz): 6 0.79 (t, 3H, J=7.36 Hz), 1.01 (t 3H, J=*7.4Hz), 
1.20 (m, 2H), 1.41 (m, 2H), 1.83 (m, 2H), 2.74 (t, 2H. J=7.4Hz), 3 64 (t, 2H, J=6.6Hz), 5.21 (s, 2H), 5.40 (bs, 
2H), 6.92 (s, 1H), 7.09 (s, 1H), 7.16 (d, 2H, J=8 Hz), 7.25 (d, 2H, J=8 Hz), 7.40-7.65 (m, 6H), 8.16 (s, 1H), 8.20 
(dd,1H, J=1.4,8.0Hz). 
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FORMULATION EXAMPLES 



Typical Pharmaceutical Compositions Containing a Compound of the Invention 



A Dry Filled Capsules Containing 50 mg of Active Ingredient Per Capsule 



Ingredient 

2-Propyl-6-[(N-ethyl- 



Amomit pe r capsule (mg) 
50 



carbamoyl )amino]-3- 

[ (2 ■ -( 3 , 3-dimethylbutyl )- 

oxycarbonylsulphonamido)- 

b i phen-4-y 1 )me t hy 1 ] - 

quinazolin-4(3H)-one 

Lactose 1*9 
Magnesium stearate — 1 
Capsule (size No. 1) 200 

2-Propyl-6-[(N : ethylcarbamoyl)amino]-^ 
methyl]-quinazolin-4(3H)-one (compound of Example 1 01) can be reduced to a No. 60 powder and the lactose 
and magnesium stearate can then be passed through a No. 60 blotting cloth onto the powder. The combined 
ingredients can then be mixed for about 10 minutes and filled into a No. 1 dry gelatin capsule. 



A typical tablet would contain 2-propyi-6-[(N-ethylcarbamoyi)amino]-3-[(2'-(3,3-dimethylbutyl)oxy(^rtx)- 
nylsulphonamido)biphen-4-yl)methyl]-quinazolin -4(3H)-one (25 mg), pregelatinized starch USP (82 mg), mi- 
crocrystaline cellulose (82 mg) and magnesium stearate (1 mg). 

C: Combination Tablet 

A typical combination tablet would contain, for example, a diuretic such as hydrochlorothiazide and consist 
of 2-propyl-6-[(N-ethylc»rbamoyl)amino>^ 

thyl]quinazolin-4(3H)-one (7.5 mg), hydrochlorothiazide (50 mg) pregelatinized starch USP (82 mg), microcrys- 
talline cellulose (62 mg) and magnesium stearate (1 mg). 

D: Suppository 

Typical suppository formulations for rectal administration can contain 2- pro pyl-6-[(N-ethyl carbamoyl )ami- 
noj-3-[(2'-(3,3-dimethylbutyl)oxycarbonylsulphonam (1-25 mg), 

butylated hydroxys nisole (0.08-1 .0 mg), disodium calcium edetate (0.25-0.5 mg), and polyethylene glycol (775- 
1 600 mg). Other suppository formulations can be made by substituting, for example, butylated hydroxytoluene 
(0.04-0.08 mg) for the disodium calcium edetate and a hydrogenated vegetable oil (675-1400 mg) such as Sup- 
pocire L, Wecobee FS, Wecobee M, Witepsols, and the like, for the polyethylene glycol. Further, these suppo- 
sitory formulations can also include another active ingredient such as another antihypertensive and/or a diuretic 
and/or an angiotensin converting enzyme and/or a calcium channel blocker in pharmaceutically effective 
amounts as described, for example, in C above. 



A typical injectable formulation would contain 2-propyl-6-[(N-ethylcart)amoyf)amino}-3-[(2'-(3 > 3-dimethyl- 
butyl)oxycarbonylsulphonam!do)biphen-4-yl)methyl]quinazolin-4(3H)-one (5.42 mg), sodium phosphate dibas- 



B: Tablet 



E: Injection 
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ic anhydrous (1 1 .4 mg) benzyl alcohol (0.01 mL) and water for injection (1.0 mL). Such an injectable formulation 
can also include a pharmaceutical^ effective amount of another active ingredient such as another antihyper- 
tensive and/or a diuretic and/or an angiotensin converting enzyme inhibitor and/or a calcium channel blocker. 



Claims 

1 A compound of formula (I): 



*VSr* 

i 




or a pharmaceutical^ acceptable salt thereof, 
wherein: 

L is connected with J or K to form an aromatic ring as defined below; 

J is -C(=M)- or J and L are connected together to form a 6 carbon aromatic ring substituted with 
R 7 « R 7b , R to and R 8b , provided that only one of J and K is -C(=M)-; 

K is -C(=M)- or K and L are connected together to form a 6 carbon aromatic ring substituted with 
R7a R7b R8a anc | R» provided that only one of J and K is -C(=M)-; 

M is O or NR 22 ; 
R1 is 

(a) -S02N(R25)-OR25 

(b) -SO2NHSO2R 23 , 
(c) 

0 

-S0 2 NH-P(R 26 ) 2 » 

(d) 

0 

-C0NH-P(R 26 ) 2 » 

(e) -SOjNHCC^R 23 , 
(0 
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(g) -NHSQ2NHSO2R 23 , 
(h) 



(0 



<D 



(k) 



(0 



(m) 



(n) 



-SOjNHSOj-N^ 2 



-NHS0 2 NH^(R 26 ) 2 



7 o27 




O 



-A ■ 

/? MH 



N-Y 



Y-N 

-u 

NHS^R 23 , 



-SCfeNHSCfe-N^ ' 
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(0) 



(P) 



(q) 



(r) 



(8) 




It li 

-N-C-COH 
R 4 



(u) -NHSO2R 23 ; 
wherein 

YlsOorS; and 

Zis O, S(0).orNR"; 

R2a and R a are each independently 

(a) H, 

(b) halogen, (CI, Br, I, F), 

(c) N0 2 , 

(d) NH 2i 
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(e) C 1 -C 4 -alkyIamino > 

(f) di(C r C 4 -alkyl)amino, 

(g) S0 2 NHR». 

(h) CF 3 , 

(i) d-Ce-alkyl, 
(j) C r Ce-aIkoxy, 

(k) (d-Ce-alkoxyJ-CHr, 
(I) (d-Ce-alkyl-SJ-CHr, 
(m) d-Ce-alkyl-S-, 
(n) -CH 2 NR»R* 

(0) C2 -Ce-alkenyl, 
(p) CrCe-alkynyl; 

(q) aryl as defined below, 
(r) arylCCi-C^alkyl), or 
(s) CVCT-cycloalkyl; 
R*» is 

(a) H f 

(b) halogen (CI, Br, I, F), 

(c) C r C r alkyl, 

(d) Ci-Ce-alkoxy, or 

(e) CrCe-alkoxyalkyt; 

R*>is 

(a) H, 

(b) halogen (CI, Br, I, F), 

(c) N0 2 , 

(d) d-CValkyl. 

(e) Ci-Ce-acyioxy, or 

(f) CrOrcycloalkyl, 

(g) d-Ce-alkoxy, 

(h) -NHSCfeR* 

(1) hydroxy(C r C 4 -alkyl), 
(j)aryl(C r C 4 -alkyl), 

(k) C r C 4 -alkylthio, 
(I) C r C 4 -alkyl sulflnyl, 
(m) C r C 4 -alkyl sulfonyl, 
(n)NH 2 , 

(o) C r C 4 -alkylamino, 

(p) di(C r C 4 -alkyl)amino, 

(q) fluoro-C r C 4 -alkyi- f 

(r) -SO r NHR» 

(s) aryl as defined below, 

(t) furyl. 

(u)CF 3 , 

(v) CVCe-alkenyl, or 
(w) C^Ce-alkynyl; 

wherein aryl is phenyl or naphthyi optionally substituted with one or two substituents selected from 
the group consisting of ha!ogen(CI, Br, I, F), N(R 4 ) 2 , C0 2 R 4 , CrC 4 -alkyl, C r C 4 -alkoxy, NO2, CF 3 , C r C 4 - 
alkylthio, OH, -SO^RW 0 , Cg-CVcydoalkyl, C3-C 1(r alkenyl, and -SfO^CrC^alkyl); 

R 4 is H, aryl as defined above, straight chain or branched C r Ce alkyl optionally substituted with 
aryl as defined above, or heteroaryl, wherein heteroaryi is an unsubstrtuted, monosubstituted or disubsti- 
tuted heteroaromatic 5 or 6 membered ring which can contain one or two heteroatoms selected from the 
group consisting of N, O, and S, and wherein the substituents are members selected from the group con- 
sisting of -OH, -SH, C r C 4 -alky1 P C r C 4 -a!koxy, -CF 3f halogen (CI, Br, I, F), and N0 2 ; 

R 4 * is aryl as defined above, C r C r alkyl, or aryl-C^Ce-alkyl 

R*is H, 
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~CH-0-C-R 4a ; 



E is a single bond, -NR^CHJ,-, -SfOMCHzXr where x is 0 to 2 and s is 0 to 5, -CH(OH)-, -0-, or 

CO-; 

R 6 is 

(a) aryl, 

(b) straight chain or branched Ci-Ce-alkyI, (VCs-alkenyl or CrCs-alkynyl each of which can be option- 
ally substituted with a substituent selected from the group consisting of aryl as defined above, C3-C7- 
cycloalkyl, halogen (CI, Br, I, F), CF 3 . CF 2 CF 3 , -NH 2l -NH(C r C 4 -alkyl), -OR* -N(C r C 4 -alkyt) 2 , -NH- 
SO2R 4 , -COOR* and -SOjNHR 9 ; or 

(c) heteroaryi as defined hereinabove; 

(d) C3-C7-cydoalkyl; 

(e) perfluoro-C r C 4 -alkyl, or 
(OH; 

R 7a and R* are independently 

(a) H, 

(b) straight chain or branched CrCy-alkyl. Cz-Ce-alkenyl or C^Ce-alkynyl, 

(c) halogen (CI, Br, I, F) 

(d) CF 3 ,or 

(e) when R 7a and R 7b are bonded to adjacent carbon atoms, they can be joined to form a phenyl ring; 
R 8 * and R 86 are independently 

(a) H, 

(b) C,-C 6 -alkyl optionally substituted with a substituent selected from the group consisting of -OH, -gua- 
nidino, CrC^alkoxy, -N(R<) 2 , COOR*, -CON(R*) 2 , -O-COR* -aryl, -heteroaryi, -SfOk-R 23 , -tetrazd-5- 
yt. -CONHS02R23, .s0 2 NH-heteroaryl, -S0 2 NHCOR23, -PO(OR*)2, -PO(OR*)R 9 , -SCyslH-CN, -NR*- 
°COOR 23 , morpholino, -N-fCrCe-alkyO-piperazine, -COR 4 , 



-N^N^'r 23 . or — N N-* 22 ; 

(c) -CO-aryl, 

(d) -C r C7-cycloalkyl, 

(e) halogen (CI, Br, I, F). 

(f) -OH, 

(g) -OR 23 , 

(h) -CrC^perfluoroalkyl, 

(i) -S(OJrR». 
(j)-COOR* 
(k) -SO3H. 
(O-NR'R 23 , 

(m) -NR^COR 23 , 

(n) -NR^COOR 23 , 

(o) -SOzNRW 0 , 

(P)-N02, 

(q) -NR^SOjR 23 , 

(O-NR^CONRtR 33 . 

(8) 



-0CNR 23 R 9 , 

(t) -aryl or -heteroaryi as defined above, 
(u) -NR»S0 2 CF 3 , 
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(v) -S^NH-heteroaryf, 
(w) -S0 2 NHCOR23, 
(x) -CONHSOjRa, 

(z) -PO(OR*)R» 

(aa) -tetrazol-5-yl, 

(bb) -CONH(tetrazol-5-yl), 

(cc) -COR 4 , 

(dd) -S0 2 NHCN 

(ee) 



where n = 0 or 1 f 
(ff) -CO-heteroraryi, 
(ggj -NR24S02NR23R9, 

(hh$ 



<«0 



(ID 



(kk) 



(ID 



(mm) 



-NR 24 COj/~~V-R 22 



8r^ 



O O 
- NR^CN N-CR 2 3 
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0 

N^'SC^N N-CR 23 . 



(nn) 



O 

\ / 



or 
(oo) 



NR^CN^ 5 



R 9 is H, C^Cg-alkyl, aryl or arylmethyl; 
Rio is H, d-C 4 -a!kyl; 

R« is H, Cj-Ce-alkyl, C r C 4 -alkenyl, C r C 4 -alkoxy alkyl, or 



-CH 2 



R« is -CN, -N0 2 , -CF 3 or -C0 2 R*; 

Ri3 is H, (Ci-C^alkyiJCO-, C r C 6 -alkyl f allyi, Qj-Ce-cycloalkyl, aryl or aryimethyl; 
R" is H, Ci-Ce-alkyl, CrCa-perfluoroalkyl, QrCg-cycloalkyl, aryl or arylmethyl; 
Ris is H, C r Ce-alkyl; 

R 16 is H, CrCe-alkyl, CVCe-cycloalkyl, aryl or arylmethyl; 
R17 is -NR 9 R", -OR«\ -NHCONH 2 , -NHCSNH 2 , 

-NHS0 2 H^)<:H3 or -NHS0 2 H^> ; 

Ri« and R 19 are independently C r C 4 -alkyl or taken together are -(CHJq- where q is 2 or 3; 
R20 is H, -N0 2 , -NH 2 , -OH or -OCH 3 ; 

R21 is H, aryl, or (VC^alkyl optionally substituted with aryl, -NH 2 , -NH(C r C 4 -alkyl), -N(C r C 4 -al- 
kylfc, -C0 2 R* -OH, -S0 3 H, or -SCfeNH* 
R22is 

(a) aryl as defined above, 

(b) heteroaryl as defined above, or 

(c) C 1 -C 4 -alkyi optionally substituted with a substituent selected from the group consisting of aryl as de- 
fined above, heteroaryl as defined above, -OH, -NH* -NH(C r C 4 -alkyl), -NfCVC^alkyl)* -C0 2 R* ha- 
logen (CI, Br, F, I), and -CF 3 ; 

R^is 

(a) aryl as defined above, 

(b) heteroaryl as defined above, 

(c) CrCrcycloalkyl, 

(d) CrCe-alkyl optionally substituted with a substituent selected from the group consisting of aryl as 
defined above, heteroaryl as defined above, -OH, -SH, C r C 4 -alkyl, -OfCrC^alkyl). Cg-Crcycloalkyl, 
-StOWCrC^alkyl), -CF 3 , halogen (CI, Br, F, I), -N0 2 , -COaH, COz-d-C^alkyl, -NH* -NHtC^C^alkyl), 
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-N(C r C 4 -alkyl)2. -P0 3 H 2l -P0(0H)(0-C r C 4 -aIkyl), -N(C r C 4 -alkyl)COR4a, -CONtd-d-alkylfe, or - 
PO(OR 4 )R» 

(e) perfluoro-d-C 4 -alkyl, or 
(0CH(aryl) 2 ; 
R* is 

(a) d-d alkyl, 

(b) substituted C r C 6 alkyl in which the substituent is C3-C7 cycloaikyl, C r C 4 alkoxy, hydroxy, di-(C r 
C 4 alkyl)amino t C0 2 R 2 , morpholinyl, C r C 4 alkylpiperazinyl, CF 3 , d-C 4 alkylthio, d-d alkylsulfinyl or 
d~C 4 alkyl suffonyi, 

(c) C2-C e alkenyl, 

(d) phenyl d-d alky!, 

(e) substituted phenyl d-d alkyl, In which the substituent on the phenyl group Is hydroxy, d-C 4 alkoxy, 
F, CI, N0 2 , cyano, CO2R 2 . di(d-C 4 alkyl)amino, CF 3 , phenyl d-C 4 alkoxy, C r C 4 alkylthio, C r C 4 alkyl- 
suHinyl,or d-C 4 alkyisulfonyl, 

(f) heteroaryl C r d alkyl, 

(g) substituted heteroaryl C r C 6 alkyl, in which the substituent on the heteroaryl group is F, a, N0 2 , 
CC^R 2 , or di-(d-d alkyl)amino, and 

(h) H; 
R 2 * Is 

(a) H, 

(b) aryl as defined above, or 

(c) d-Ce-alkyl optionally substituted with aryl, F, a, Br, -OH, -NH* -NH(d-d-alkyl), -N(d-C 4 -alkyl)2, 
orCF 3 ; 

R»is 

(a) aryl as defined above, 

(b) d-d-alky! optionally substituted with aryl, F, CI, Br, -OH, -NH* -NH(C r C 4 -alkyl), -Nfd-d-alkylk, 
CF 3 ,-COOR*,orCN, 

(c) -OCHCR^O-CO-R**, or 

(d) -OH or -0-C r C r alkyl wherein alkyl is as defined in (b); 
R^is 

(a) H, 

(b) C r Ce-alkyl optionally substituted with aryl, F, CI, Br, -OH, -NH 2 , -NH(d-C 4 -alkyf), -N(C t -C 4 -alkyl)2, 
CF 3 ,-COOR 4 ,orCN,or 

(c) F,CI,Br; 
Xis 

(a) a carbon-carbon single bond, 

(b) -CO-, 

(c) -0-, 

(d) -S-. 

<*) 

-N-, 
Rl3 



(0 

-CON-, 



(g) 

-NC0-, 

(h) -OCHr, 

104 



EP 0 512 870 A1 



10 
15 
20 

30 
35 
40 
45 
50 
55 

2. 



(i)-CH 2 0- 

(D -SCHr. 

(k)-CH 2 S-, 

(I) -NHC(R*)(R*>), 

(m) -NR 9 SO r , 

(n) -SOjNRS 

(o)-C(R»)(Rio)NH- f 

(p)-CH=CH-. 

(q)-CF=CF-, 

(r)-CH=CF-, 

(s) -CF=CH- f 

(t)-CH 2 CH2- t 

(u) -CF 2 CF r , 

(v) 



n is 1 to 3; 

r is 1 or 2; and 
xisOtoZ 

The compound according to Claim 1 wherein: 
J is -C(0)-; 
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K and L are connected together to form a 6 carbon aromatic ring substituted with R 7a , R 7 *, R 88 and 

R'is: 
(a) -S02N(R25)-OR25 
5 (b) -SOjNHSO^, 

(c) 



-S0 2 NH-P(R 26 ) 2 » 

(d) -SOjNHCOaR 28 , 
(e) 



-S0 2 NHS0 2 -N Z, 



(i) 



« (k) 



(I) 



55 



20 (f)-SO 2 NHSOrN(R*)(R0), 
(g) -NHSO2NHSO2R 23 , 
(h) 



0 

25 «l 



-NHS0 2 NHP(R 26 ) 2 : 



30 ^7^27 



nS sS — NH 
° II 



35 

(D 



4© Y-N 



NHSOjR 33 , 



BO H 



N-SCO), 

R 4 
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(m) 



-N-C 



o o 

It M 

COH 



or 

(n)-NHS02R23; 
X is a single bond; 
R^isH; 

R2»> is H f F, Q, CF 3f CrCg-alkyl, CrC 4 -alkenyl ( or CrC 4 -alkynyl; 
R** is H; 

R3» is H, F, CI, CF 3 , C r C 4 -alkyl, CrC 4 -alkenyl, C r C 4 -alkynyl, Cg-CVcydoalkyl, -COOCH 3 , - 
COOC2H5, -SO r CH 3 , NH 2 , -N(C r C 4 -alkyl)2 or -NH-SOaCH* 
E is a single bond, -O- or -S-; 
R 6 is 

(a) C r C 6 alkyl optionally substituted with a substituent selected from the group consisting of (VCVcy- 
cloalkyl, CI, CF 3 , CCI 3 , -0-CH 3 , -OCzHs, -S-CH 3 , -S-CzHg, phenyl, or F, 

(b) C^C^alkenyl or Cr-Cs-alkynyL or, 

(c) CVC^-cycioalkyl; 

R 7a and R 71 * are each H; 

R»a and R 86 are independently 

(a) H, 

(b) C r C 4 -alkyl optionally substituted with COOR*. OCOR 4 *, OH, aryl, heteroaryl, morpholinyl, 



O 



or 




(c) C2-C 4 -alkenyl, 

(d) -OH, 
(eJ-NO* 
(O-NR^OR* 

(g) -C r C 4 -alkoxy, 

(h) -NRZ^COjR 23 . 

(i) -NR<R* 

(j) halogen (CI, F, Br), 

(k)-CF 3 , 

(l)-C0 2 R* 

(m) -CO-aryl as defined above, 

(n) heteroaryl, 

(o) -S(0)x-C r C 4 -alkyl, 

(p) -SOr NH-C r C 4 -alkyl, 

(q) -S0 2 -NH-aryl as defined above, 

(r) -NR^SOzCHa, 

(s) aryl as defined above, 

(t)-NR2*CONR*R*, 
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(") 



-NR^CON N-R 22 . 



(v) 



NK* 4 CN O , 

\ / 



(w) 



NR 24 CN / \l-CR 23 , 
\ — ' II 



or 

« 

O 

X is a single bond; 

r is one; and 
xis0to2. 

The compound according to Claim 1 wherein: 
Kis-C(0)-; 

J and L are connected together to form a 6 carbon aromatic ring substituted with R 7a , R n , R 8 " and 

R»; 

R 1 is: 

(a) -S02N(R^-OR2S 

(b) -SOzNHSOiRM. 



(c) 



0 

-S0 2 KH-P(R 26 ) 2 . 



(cO-SOzNHCCyV. 
(e) 



-SC^NKSOj-N Z, 



(f)-S0 2 NHS0 2 -N(R*)(R 9 ). 
(g^NHSOjNHSOjR*. 
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(h) 



(i) 



0) 



(k) 



(I) 



-NHS0 2 NHP(R 26 ) 2 ; 



II 
o 



Y-N 

'NHSOaR 23 , 



H 



(m) 

O O 

II II 

-N-C-COH f 

or 

(nJ-NHSC^R 23 ; 

X is a single bond; 
R*isH; 

R» is H t F, a, CF 3f CrCe-alkyl, CrC 4 -alkenyl, or CrC 4 -alkynyl; 
R3« is H; 

R» is H, F f Q, CF 3 , C r C 4 -a!kyl, CrC 4 -alkenyI, C r C 4 -alkynyl, Cg-Ce-cycloalkyf, -COOCH 3 , 
COOCzHs, -SO r CH 3 , NH 2 , -N(C,-C 4 -alkyt) 2 or -NH-SOjCH* 
E is a single bond, -O- or -S-; 
R*is 
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(a) Ci-Cs alkyi optionally substituted with a substituent selected from the group consisting of (VCg-cy- 
doalkyl, CI, CF 3f CCI 3> -0-CH 3 , -OCzHs. -S-CH 3 , S-CJHs, phenyl, or F, 

(b) (VCs-alkenyl or C^-Cs-alkynyl, or, 

(c) CrCs-cycloalkyl; 

R 7a and R 7 * are each H; 

R 8 * and R 85 are independently 

(a) H ( 

(b) C r C 4 -alkyl optionally substituted with COOR*, OCOR 4 *, OH, aryl, heteroaryl, morpholinyl, 

O 

/-\ II „ 



or 




(c) C2-C 4 -alkenyl, 

(d) -OH, 
(eJ-NO* 

(f) -NR24COR» 

(g) -C r C 4 -alkoxy, 

(h) -NR2*C0 2 R23, 

(i) -NR*R23 f 

(j) halogen (CI, F, Br), 

(k)-CF 3 , 

(l)-C0 2 R* 

(m) -CO-aryl as defined above, 
(n) heteroaryl, 
(oJ-SfOJx-d-Gralkyl, 

(pJ-SOa-NH-d^-alkyl. 

(q) -SCVNH-aryl as defined above, 

(r) -NR^SOzCH* 

(s) aryl as defined above, 

(t)-NR*CONR*R23, 

(u) 



(V) 



(W) 



O 



II 
O 



or 
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(x) 



X Is a single bond; 

r is one; and 
x is 0 to 2. 

The compound according to Claim 3 wherein: 
R 1 is: 

(a) -S0 2 N(RM)-OR2*. 

(b) -SOzNHSOjRM, 
(c) 



-S0 2 NH-P<R /& >2. 

(dJ-SOzhJHCOjR 23 , 
(e) 



-S0 2 NHS0 2 -N 



(f) -S0 2 NHSOrN(R*)(R 9 ), 

(g) -NHSOjNHSOzR 24 , or 

(h) 

0 

-NHS0 2 NHP(R 26 ) 2 

(0 



(i) 




(k) 
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(I) 




(m) 



o o 

W M 

-N-C-COH 



or 



(n)-NHS02R»; 

X is a single bond; 
E is a single bond; 

r is one; ' 

x is 0 to 2; 5 . 

R2» R2»> f R3a and R*> are each H, -CrCe-alkyl, -Ca-C^alkynyl, -CI, -F f -NO* or -CF 3 ; 

R 6 is methyl, ethyl, -n-propyl, isopropyl, -n-butyi, -trans-2-butenyl, CH 2 CH 2 CF 3 , -CH2CH2CH2CF3, 
-cyclopropyl, or -cydopropyimethyl; 

Rsa and R**> are each independently H, -N0 2 , -C r C 4 -alkyl, -NHR 4 , -NR^CO.R» -SfOMC^-al- 
kyl), -N(CH 3 )2, -OCH3, -NR2*COCH2NH2, -NR2*COCH 2 N(CH 3 )2, -COOH, -COOCH 3 , -CH 2 OCOCH 3 , CI, - 
CH 2 COOCH 3l -NR24CON(R% -NR24CON-furoyl, -NR 24 C0 2 R 4 , -CH 2 COOH, CH 2 OH, aryl, heteroaryl, - 
CHa-heteroaryl, 



O 



II 

-CH,-N N-C3 




-NHCON NR 22 , 




O 
II 



O 

-NKQR N-CR 23 ." 



or 
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The compound according to Claim 4 wherein: 
Ri is: -SC^NHCC^R*; 
X is a single bond; 

R2a f R 2b , R 38 and R 3 * are each H, -CfGralkyl, -CI or F; 

R* is methyl, ethyl, -n-propyl, isopropyl, -n-butyl, -trans-2-butenyl, CH 2 CH 2 CF 3 , -CH 2 CH 2 CH 2 CF 3 , 
-cyclopropyl, or -cyclopropylmethyl; 

R8a and R8b are each independently H, -N0 2 , -C r C 4 -aIkyl, -NHR 4 , -NR^CO-R 23 -S(0) x -(C r C 4 -al- 
kyl), -N(CH 3 ) 2 , -OCH 3 , -NR 24 COCH 2 NH 2 , -NR^ON-furoyl, -NR24COCH 2 N(CH 3 )2. -COOH, -COOCH 3 , - 
CH 2 OCOCH 3 , a, -CH 2 COOCH 3 , -NR^CONfR*)* -NR2*C0 2 R 4 , -CH 2 COOH, CH 2 OH, aryl, heteroaryl, - 
CH r heteroaryl, 



o 



V f 




0 

-NHCOK N-CP" . 



or 



The compound according to Claim 5 which is 



.z 




wherein: 
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& 


R* 


Pr 


butyl 


NOo- 

dm 


Pr 


butyl 


NHo- 


Pr 


butyl 


BuNHCONH- 


Pr 


butyl 


EtNHCONH- 


Pr 


2-dimethyaminoethyl 


EtNHCONH- 


Bu 


butyl 


iPrN(Me)CONH- 


Pr 


butyl 


iPrNHCONH- 


Pr 


propyl 


iPrNHCONH- 


Pr 


pentyl 


iPrNHCONH- 


Pr 


butyl 


MeNHCONH- 


Pr 


3-methylbutyl 


EtNHCONH- 


Pr 


3-methylbutyl 


MeNHCONH- 


Pr 


butyl 


n-PrNHCONH- 


Pr 


2-cyclopropylethyl 


EtNHCONH- 


Pr 


3 t 3-dimethylbutyl 


EtNHCONH- 


Bu 


pentyl 


iPrNHCONH- 


Bu 


butyl 


iPrNHCONH- 


Bu 


2-methoxyethyl 


iPrNHCONH- 


Et 


3-methylbutyl 


EtNHCONH- 



I 

40 
45 
60 
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Bu 3-methylbutyl 

Et 2-cyclopropylethyl 

Pr 2-cyclopentylmethyl 

Pr 2-methoxyethyl 

Pr Butyl 

Pr Butyl 

Pr Butyl 

Pr Butyl 

Pr Butyl 

Pr Butyl 

Pr benzyl 

Pr 2-methoxybenzyl 

Bu butyl 

Pr ethoxyethyl 

Pr 3-methylbutyl 

Pr 3-methylbutyl 

Pr 3-methylbutyl 

Et benzyl 



EtNHCONH- 
EtNHCONH- 
EtNHCONH- 

1- PrNHCONH- 

2- pyridyl- 

3- pyridyl- 

4- Me-Ph- 

-methyl(piperazinyl-N- 
acetyl) 

-methyl (piperazinyl-N- 

cyclopropylcarbonyl ) 

-methyl (Nl-imidazolyl ) 

EtNHCONH- 

EtNHCONH- 

EtNHCONH- 

EtNHCONH- 

morpho 1 i no-CONH- 

2-pyridyl 

2-furoyl-CONH- or 
EtNHCONH- . 



The compound according to Claim 1 wherein: 
KferC(=NR22)-; 

J and L are connected together to form a 6 carbon aromatic ring substituted with R 7a , R^.R 8 " and 

R«>; 

R'is: 

(a) -S02N(R26)-OR2«, 

(b) -SOzNHSOjR** 
(c) 



0 



-S0 2 NH-P(R 26 > 2 , 



(d) -SOzNHCOjRM, 
(e) 



J — V 

-SC^NHSC^-N^ Z, 



(f) -S0 2 NHS02-N(R*)(R9), 

(g) -NHSOjNHSOzRM 
(h) 



-NHS0 2 NHP(R 26 ) 2 ; 
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(0 



0) 



(k) 



(I) 



r OfS — NH 



Y-N 

NHSOjR 23 . 



H 



N~k 



(m) 



O O 

II It 

-N-C-COH , 

i* 

or 

(n) - NHSCfeR*; 

X is a single bond; 
R*isH; 

R 25 is H, F, a, CF 3f CrCe-alkyl, CrC 4 -alkenyl, or (VC^alkynyl; 
R 38 is H; 

R»> is H, F. Ct v CF 3 , C r C 4 -alkyl, C^-alkenyl, C^-alkynyl, Cg-Ce-cycioalkyl, -COOCHs. - 
COOC2H5, -SO r CH 3 , NH 2 , -N(C r C 4 -alkyl)2 or -NH-SOjCH* 
E is a single bond, -O- or -S-; 
R«is 

(a) C r C 5 alkyl optionally substituted with a substituent selected from the group consisting of Cs-Cs-cy- 
cloaikyl, a, CF 3f CCI* -0-CH 3f -OC^* -S-CH 3 , -S-CzHs, phenyl, or F, 

(b) CVCs-alkenyl or C^Cs-alkynyl, or, 

(c) Cs-Cs-cycloatkyl; 

R 7a and R 75 are each H; 

R 80 and R 8 * are independentiy 

(a) H, 

(b) Ct-C^afkyl optionally substituted with COOR 4 , OCOR 48 , OH, aryl, heteroaryl, morpholinyl, 
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— N N-CR 23 



-N 



N-R 2S 



(c) C2-C 4 -a!kenyl, 

(d) -OH, 

(e) -N02, 
(0-NR2*COR23, 

(g) -C 1 -C 4 -alkoxy, 

(h) -NR^CC^R* 

(i) -NR^R 23 , 

(j) halogen (a, F, Br), 

(kj-CF 3 , 

(l)-C0 2 R* 

(m) -CO-aryl as defined above, 
(n) heteroaryl, 
(oJ-SfO^d-CValkyl, 

(p) -S02-NH-C r C 4 -alkyl. 

(q) -S0 2 -NH-aryl as defined above, 

(r) -NR 24 S0 2 CH 3 , 

(s) aryl as defined above, 

(t)-NR*CONR4R23, 

(u) 



-NR^CON tN-R 22 , 



(v) 



O 

nr"cn o , 



(w) 



o 

nr* 4 cn' n-cr 23 , 
\s II 
o 



or 

(x) 
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O 

X is a single bond; 

r is one; and 
xis0to2. 

8. A pharmaceuticaJ composition useful in the treatment of hypertension which comprises a pharmaceutically 
acceptable carrier and a pharmaceutically effective amount of a compound of Claim 1. 

9. The composition of Claim 8 which includes another antihypertensive agent selected from:a diuretic, an 
angiotensin converting enzyme, a calcium channel blocker and a 0-blocker, which are members selected 
from the group consisting of: amiloride, atenolol, bendroflumethiazide, chlorothalidone, chlorothiazide, do- 
nidine, cryptenamine acetates and cryptenamide tannates, deserpidine, diazoxide, guanethkJene sulfate, 
hydralazine hydrochloride, hydrochlorothiazide, metolazone, metoprolol tartate, methyclothiazide, methyl- 
dopa, methyidopate hydrochloride, minoxidil, pargyiine hydrochloride, polythiazide, prazosin, propranolol, 
rauwolfia serpentina, rescinnamine, reserpine, sodium nitroprusside, spironolactone, timolol maleate, tri- 
chlormethiazide, trimethophan camsylate, benzthiazide, quinethazone, ticrynafan, triamterene, acetazo- 
lamide, aminophyiline, cyclbthiazide, ethacrynic acid, furosemide, merethoxylline procaine, sodium etha- 
crynate, captopril, delapril hydrochloride, enalapril, enalaprilat, fosinoprii sodium, lisinopril, pentopril, qui- 
napril hydrochloride, ramaprfl, teprotide, zofenopril calcium, diflusinal, diltiazem, felodipine, nibardipine, 
nifedipine, niludipine, nimodipine, nisoldipine, nitrendipine, as well as admixtures and combinations there- 
of. 

10. The use of a compound of Claim 1 for the manufacture of a medicament for treating ocular hypertension. 
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Synthesis of l,2,5-Thiadiazolidin-3-one 14-Dioxide Derivatives and 
Evaluation of Their Affinity for MHC Class-D Proteins 

by Laurent Ducry, Stefan Reinelt, Paul Seller, and Francois Diederich* 

Laboratorium fiir Organische Chemie der Eidgenossischen Technischen Hochschule, ETH-Zentmm, 
Universitfitstrasse 16, CH-8092 Zurich 

and David R. Bolin, Robert M. Campbell, and Gary L. Olson 1 ) 

Department of Inflammation/Autoimmune Diseases, F. Hoffmann-La Roche Inc. , Nutley, New Jersey 071 10, USA 



l,2,5-Thiadiazolidin-3-one 1,1-dioxide derivatives (±)-la-d and (±)-2 were designed by molecular 
modeling as MHC (major histocompatibility complex) class- 1 1 inhibitors. They were prepared from the 
unsymmetrically tyAT-disubstiruted acyclic sulfamides (±)-4a-d {Scheme 1) and (±)-ll (Scheme!). These N- 
alkyl-AP-arylsulfamide precursors were synthesized by nucleophilic substitution of either a sulfamoyl-chloride or 
a AT-sulfamoyloxazolidinone. Extension of base-induced cyclization methods from aliphatic to aromatic 
sulfamides gave access to the desired target molecules. The A/-alkyl-l^,5-thiadiazolidin-3-one 1,1-dioxide 
derivatives (±)-3a-c were also prepared by the oxazolidinone route (Scheme 4) for coupling to a tetrapeptide 
fragment. The X-ray crystal structure of 1,2,5 -thiadiazolidin-3-one 1,1-dioxide (±)-21a was solved, and the 
directionality of the H-bond donor (N-H) and acceptor (S0 2 ) groups of the cyclic scaffold determined (Figs. 1 
and 2). ITie pK t value of the N-H group in (±)-21a was determined by ! H-NMR titration as 11.9 (Fig. 3). 
' Compounds (±)-la - d were shown to inhibit competition peptide binding to HLA-DR4 molecules in the single- 
digit millimolar concentration range. 



L Introduction. - Peptides are often the natural substrates of pharmaceutical 
targets. However, their poor oral bioavailability and low metabolic stability severely 
limit their therapeutic application. Replacement of the peptide structure by a small, 
rigid molecule, commonly a cyclic scaffold bearing the side-chains important for 
binding, is a strategy to overcome this problem [1-4]. In cases where not only the 
peptidic side-chains but also the backbone is involved in key bonding interactions, some 
functional groups should be incorporated within the pepudomimetic scaffold in order 
to maintain them. Heterocycles, with their restricted conformational mobility and 
heteroatoms as intrinsic H-bond donor and acceptor sites best serve this purpose and 
have attracted considerable interest in medicinal chemistry (e.g. y see [5] [6]). 

In this report, we describe the synthesis of l,2,5-thiadiazolidin-3-one 1,1-dioxide 
derivatives as rigid, densely functionalized scaffolds, containing a sulfamide function- 
ality, as a bidentate H-bond donor-acceptor unit. These sulfonylurea heterocycles were 
designed for the selective blockade of HLA-DR1 and HLA-DR4 proteins [7], two 
major histocompatibility complex (MHC) class-II alleles linked to rheumatoid arthritis 
[8] . Studies of peptide-MHC interactions [9-11] and attainment of high-resolution X- 
ray crystal structures [12] have provided a general understanding of the structural 
requirements for HLA-DR complexation. In peptide ligands, the NH and CO of the 
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position-2 amino acid form complementary H-bonds to Asn 082 in the HLA-DR 
molecule. Similar contacts of the position-4 residue are made with Gin a9 and Asn a62. 
Conformational^ restricted peptidic ligands, as well as peptidomimetic-peptide 
hybrids, have also been obtained [13]. A non-peptidic framework to replace the 
anchoring amino acids at positions 1 and 2 in peptidic substrates was, however, highly 
desirable. According to molecular modeling, the l,2,5-thiadiazolidin-3-one 1,1-dioxide 
scaffold can serve as surrogate for these positions, the two contiguous H-bonding 
donor-acceptor sites -NH-S0 2 - being complementary to the amide side chain of 
Asn £82 (position 2). The side chain at C(4) of the rigid scaffold nicely points into a 
large aromatic pocket that binds aromatic and cycloaliphatic peptide side chains and is 
essential for high-affinity binding (position 1). Compounds (±)-la-d and (±)-2 were 
designed as non-peptidic HLA-DR inhibitors bearing an N-aryl side chain as vector 
towards Gin a9 and Asn a62 (position 4). The heterocyclic ring was also used as a 
peptidomimetic scaffold suitable for appending peptidic fragments (compounds (±)- 
3a -c) that were chosen from high-affinity hexapeptide analogs (e.g. t Ac-(Cha)- 
RAMASL-NH 2 [13c]). 




C R = PhCH 2 
d R = 4-HO-C6H4 



2. Results and Discussion. - 2.1. Synthesis. Although many sulfamide-containing 
heterocycles have been reported (for a review, see [14]), l,2,5-thiadiazolidin-3-one 1,1- 
dioxides are rarely found. Except for the low-yielding cyclization of an a-amino amide 
with sulfuryi chloride [15], the general route towards this heterocyclic ring involves 
cyclization of open-chain sulf amides under basic conditions [16-21]. Recently, serine 
protease inhibitors incorporating this sulfonylurea scaffold have been prepared by N- 
alkylation of the tyiV'-unsubstituted heterocycles [22]. Although none of these 
examples involved an Af-arylsulf amide as required for the synthesis of target 
compounds (±)-la-d, we have planned our synthesis on this base-mediated cyclization 
strategy. The synthesis of the unsymmetrically disubstituted A^alkyl-AT-arylsulfamide 
precursors (±)-4a-d started with the sequential treatment of methyl 4-aminobenzoate 
(5) with CISO3H and PC1 5 to generate in situ the corresponding sulfamoyl chloride [23] 
(Scheme 7). Nucleophilic substitution of the (±)-a-amino acid methyl ester hydro- 
chlorides (±)-6a-d with the sulfamoyl chloride [24] yielded the AT-alkyl-N'-arylsulfa- 
mides (±)-4a-d. The subsequent cyclization proved more difficult than in the case of 
aliphatic sulfamides [16-21]. Syringe pump addition of (±)-4a-d to a dilute solution of 
r-BuLi in THF gave the best results and afforded thiadiazolidinone dioxides (±)-7a-d 
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in 51 to 86% yield. A low sulfamide concentration was necessary to avoid polymer- 
ization. NaH in refluxing THF was later found to also afford the cyclized products in 
good yields. Methyl-ester hydrolysis, followed by treatment of the resulting carboxylic 
acids with AT-[3-(dimethylarmno)propyl]-N-ethylcarbocUimide hydrochloride (EDC) 
and l-hydroxy-l//-benzotriazole (HOBt) formed the corresponding activated esters, 
which reacted with NH4OH [25] to give amides (±)-la-c and (±)-le. The moderate 
yields (27-57%) are the result of attack by MeO^/HO" ions at the electrophilic S-atom 
and cleavage of the S(l)-N(2) bond in (±)-7a-d during basic ester hydrolysis. This 
was established in the case of (db)-7b by the isolation of the corresponding methyl 
sulfamate (±)-8 as side-product (13%). The corresponding sulfamic acid was 
presumably also formed but removed during aqueous workup. Deprotection of (±)- 
le with CF 3 C0 2 H in the presence of pentamethylbenzene (PMB) [26] yielded target 
compound (±)-ld. PMB has been reported to not only improve the yield of 
deprotection but also, by trapping the benzyl cation, to avoid an intramolecular 0- 
to C-rearrangement of O-benzyltyrosine to 3-benzyltyrosine [26] [27]. 



Scheme 1. Synthesis of Compounds (±)-la-d 



H 2 N — — C0 2 Me 



a)-c) 




(±)-4a R = Ph 70% 

b R = 2-naphthyl 95% 

c R = PhCHo 22% 

d R = 4-Bn(>-C 6 H4 36% 





(±)-8 R = 2maphthyl {±Ha R = Ph 36% (±)-7a 

b R = 2-naphthyl 27% b 

c R = PhCHo 57% c 

. , — e R = 4-Bn(>C 6 H 4 52% d 
9)Lld R = 4-HO-C 6 H 4 99% 



R = Ph 75% 
R = 2-naphthyl 51% 
R = PhCHj 86% 
R = 4-BnO-C 6 H 4 83% 



a)aSO 3 H,CH 2 a 2 ,0 o - r.t.,1 h. Pa 5t reflux, 3.5 h. c) (i)-Me0 2 CCH(CH 2 R)NH 2 HQ (R = Ph ((±)-da); 
R = 2-naphthyl ((±)-6b) ; R = PhCH 2 ((±)-6c) ; R = 4-HO - QH, ((±)-6d) ] , Et 3 N, CH 2 C1 2 , r.t. , 2.5 h. d) f-BuLi t 
THF, r.t., 16 h. e) KOH, MeOH, H 2 0, r.t., 12 h.f) EDC, HOBt, N^OH, THF, r.t., 5 h. g) CF 3 C0 2 H, PMB, r.t., 

lh. 

Attempts to synthesize (±)-2, containing a modified N-aryl side chain, by the route 
used for (±)-la-d were unsuccessful. Reaction of CISO3H with methyl (3-amino- 
phenyl)acetate (9), followed by treatment with PC1 S , failed to generate the desired 
sulfamoyl chloride, leading only to decomposition products. Trarisamination of a 
monosubstituted sulfamide [28] with 9 to provide the unsymmetrically disubstituted 
^alkyl-N'-arylsulfamide (±)-ll was also not successful. Alternatively, transsulfamoyl- 
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ation of Af-sulfamoyioxazolidinones with primary and secondary aliphatic amines was 
recently reported by Montero and co-workers to give access to various unsymmetrically 
disubstituted sulfamides [29]. Thus, the sulfamoyl chloride prepared in situ from 
chlorosulfonyl isocyanate and 2-chloroethanol was reacted with ester 9 to afford 
oxazolidinone 10 {Scheme 2). The oxazolidinone moiety of 10 was then substituted by 
(±)-3-(2-naphthyl)alanine methyl ester hydrochloride ((±)-6b), giving access to (±)-ll 
in high yield. Attempts at preparing (±)-ll by the reversed sequence of construction 
failed due to the insufficient nucleophilicity of the aromatic amine 9 in the last step. 
This demonstrates that the oxazolidinone strategy by Montero and co-wofkers [29] can 
be extended to the synthesis of A^alkyl-N'-aiylsulfamides, provided the oxazolidinone 
is introduced on the aromatic amine allowing displacement by an aliphatic amine. Base- 
mediated cyclization to thiadiazolidinone dioxide (±)-12 under the previously applied 
reaction conditions worked smoothly. Subsequent methyl-ester hydrolysis was 
achieved with potassium trimethylsilanolate [30] in THF, and the resulting carboxylic 
acid was transformed into target compound (±)-2. This ester-hydrolysis method avoids 
the use of HO" and MeO" ions, which previously caused partial cleavage of the 
sulfonylurea scaffold. 



Scheme 2. Synthesis of Compound (±)-2 




a) OCNS0 2 Cl, HOCH 2 CH 2 CI, CH 2 C1 2 , 0°, 1.5 h, then (±)-9, Et 3 N, CH 2 C1 2 , 0° - r.t., 12 h; 89%. b) (±)-6b, 
Et 3 N, MeCN, reflux, 12 h, 90%. c) f-BuLi, THF, r.t.; 16 h; 86%. d) Me 3 SiOK, THF, r.t., 24 h. e) EDC, HOBt, 
NH 4 OH, THF, r.t. , 5 h, 38% (from (±)-12) . 

For the preparation of (±)-3a-c, suitable for anchoring peptidic fragments that 
extend beyond position 2 into the HLA-DR binding site, we attached propionate side 
chains to N(2) of the thiadiazolidinone scaffold. Whereas the te/t-butyl ester of 
alanine - required to construct the Af-alkyl-AP-arylsulf amide intermediates - was 
commercially available, the dimethyl-substituted analog 13 was prepared starting from 
ester 14 (Scheme 3). A Mitsunobu reaction provided 15, and £-amino acid 16 was 
obtained by Gabriel synthesis. (Benzyloxy)carbonyl (Cbz) protection to 17 [31] and 
esterification to 18, followed by removal of the Cbz group, provided 13. 
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Scheme 3. Synthesis of fi- Amino Acid Ester 13 




. — 18 R = Cbz — 16 RsH 

e )U.13 R = H C )L^17 R = Cbz 

a) Phthalimide, PPh 3 , W-diethyl azodicarboxylate (DEAD), THF, r.t., 20 h, 77%. b) AcOH, HQ, H 2 0, 
reflux, 16 h; 67%. c) CbzCl, NaOH, dioxane, H 2 0, r.t., 5 h; 68%. d) Isobutene, HjSO*, CH 2 C1 2 , r.t., 65 h; 85%. 

e) H 2 , Pd/C, -MeOH, 3 h, 89%. 

Starting from (±)-6a-c, the A^sulfamoyloxazolidinones (±)-19a-c were obtained 
in good yields. Replacing the oxazolidinone moiety by ^-alanine terf-butyl ester or 
the dimethyl-substituted analog 13 afforded the desired disubstituted sulf amides (±)- 
20a -d. In the subsequent cyclization, the presence of two ester groups, as well as two 
similarly acidic NH groups, could theoretically lead to four different regioisomers. 
However, strained three- and four-membered ring compounds were anticipated not to 
be formed, and the terr-butyl ester would be sterically too hindered for nucleophilic 
attack, thereby preventing formation of undesired six-membered ring product. Indeed, 
cyclization selectively afforded the corresponding desired l,2,5-thiadiazolidin-3-one 
1,1-dioxides (±)-21a-d. In the preparation of (±)-21a-b, ^-elimination occurred as a 
side reaction as evidenced by the isolation of the corresponding N(2)-unsubstituted 
l,2,5-thiadiazolidin-3-ones, 1,1-dioxides. Ester cleavage finally yielded (±)-3a-c with 
carboxy side chains for peptide attachment. 

2.2. Properties of l,2,5-Thiadiazolidin-3-one 1 J -Dioxides. We were interested in 
obtaining structural informations on the class of compounds prepared in this study and 
in estimating their H-bonding potential. Crystals of (±)-21a suitable for X-ray analysis 
were obtained by recrystallization from hexane/AcOEt (for details; see Exper. Part; for 
two other X-ray crystal-structure analyses of l,2,5-thiadiazolidin-3-one 1,1-dioxides, 
see [18] and [21]). The extended crystal structure of this molecule is shown in Fig. 1. 
The five-membered ring shows an out-of-plane deformation towards an envelope 
shape, Le. , the S-Atom deviates by ca. 0.37 A from the remaining four coplanar atoms. 
The two planes passing through the N-S-N and the O-S-O fragments, respectively, 
are nearly orthogonal to one another (within ca. 2°) [32]. 

Of particular interest is the orientation of the H-bonding donor (NH) and acceptor 
(S0 2 ) groups in the cyclic scaffold. The crystal packing (Fig. 2) shows that there is 
a strong intermolecular N-H — 0=C H-bond (N — O distance 2.73* A) between 
the NH group of the sulf amide moiety and the ester C=0 group. The N-H group 
is clearly oriented out of the five-membered ring plane and adopts a nearly 
eclipsed orientation with one of the vicinal S-O bonds (torsion angle H(14)- 
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NHa'HCI 





(±)-6a R = Ph 

b R = 2-naphthyl 
c R = PhCH 2 



C0 2 (f-Bu) 



(±H9a R = Ph 91% 
b R= 2-naphthyl 98% 
c R = PhCH 2 57% 
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59% 
61% 
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64% 




R' 



(±)-3a 2-naphthyl H 70% 
b 2-naphthyl Me 69% 
c PhCH 2 Me 86% 



a) 0CNS0 2 C1, HOCH 2 CH 2 a, CH 2 C1 2 , 0°, 1.5 h. b) (±)-6a, (±)-6b, or (±)-6c, Et 3 N, CH 2 C1 2 , 0 Q - r.t, 12 h. c) 
Alanine ferf-butyl ester or 13, Et 3 N, MeCN, reflux, 12 h. d) NaH, THF, reflux, 7 h. e) TFA, r.t., 3 h. 



010 




013 



Fig. 1. X-Ray crystal structure of (±)-21a. Arbitrary numbering. Atomic displacement parameters obtained at 
193 K are drawn at the 30% probability level. Selected bond angles [°]: N(14)-S(l)-N(ll): 95.28; 
C(8)~N(14)-S(1): 110.63; N(14)-C(8)-C(9): 107.0; N(ll)-C(9)-C(8): 110.4; C(9)-N(ll)-S(l): 112.04 

N(14)-S(l)-0(13) = - 14°), a favorable orientation from the viewpoint of stabiliza- 
tion of local dipoles. 

With the directionality of the H-bonding centers in the cyclic scaffold established, 
we were interested in estimating their H-bonding ability. Ab initio molecular-orbital 
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Fig. 2. Crystal packing of (±)-21a 



calculations had indicated that sulf amide S-O bonds are highly polarized with the O- 
atoms retaining practically three lone pairs [32]. H-Bonding networks of acyclic N,N'- 
disubstituted sulfamides in the solid state have been reported [33], and cyclic 
sulfamides were essential structural components in the construction of H-bonding 
capsules built from four self-complementary sub-units [34]. Sulfonamide S-O groups 
were calculated to be poorer H-bond acceptors than P-O groups of phosphonamides, 
although better than P-O groups in phosphonamidates [35]. In a separate study in 
CHC1 3 , S-O groups in sulfonamides were reported to be weaker H-bond acceptors 
than C=0 groups in amides, carbamates, and even carboxylic esters, although 
conformational effects and the use of different H-bond donors might have influenced 
this result [36]. Whereas the H-bond acceptor capacity of S-O groups in sulfamides 
(and sulfonamides) remains therefore unclear, the H-bond donor ability of the N— H 
group can be estimated from its pK & value. The acidity of some sulfamide derivatives 
had previously been reported [37] . However, none of these compounds is similar to 
ours. We, therefore, determined the pK & of (±)-21a by *H-NMR titration [38]. A 0.03m 
solution of (±)-21a in CD 3 COCD3/D 2 0 1:1 was prepared and titrated with a 0.1m 
solution of NaOD in D 2 0 up to pH 12.0. Thereafter, at higher pH, the titration was 
performed with a 1m solution of the base so as to minimize the dilution. The 
deprotonation was monitored by measuring, at different pH, the chemical-shift 
difference between the signal of a proton which is affected by the deprotonation 
(H— C(4'), H— C(6'), H— C(3)) and the signal of the r-Bu group which remains 
practically unchanged. Titration curves were obtained by plotting the difference in 
chemical shift against the pH of the solution (Fig. 3). The pH value at the inflection 
point of the sigmoidal curve was taken as a measure of the pK A value. With a pK n value 
of 11.9, the N-H group in (±)-21a is quite acidic and should undergo formation of 
strong H-bonds. It is even more acidic than that of the N-H group in hydantoin analog 
(±)-22 [39], the pK B value of which was determined as 12.5 by the same method. 

Compounds (±)-la-d, (±)-2, as well as (±)-3a-c, attached via an amide bond to 
the MASL-NH 2 tetrapeptide [40] , were tested in a competitive inhibition assay using 
the 'scintillation proximity assay* method [13c] . None, however, had detectable binding 
affinity for HLA-DR4 proteins (IC X > 100 um according to the test sensitivity). The 
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Fig. 3. 'H-NMR Titration to determine the pK a value of (±)-21a. The chemical shift difference between the 
signal of H-C(6') and the r-Bu group is plotted against pH. Shown is also hydantoin analog (±)-22, for which 
the pK, value was also determined by ! H-NMR titration (not shown) [39] . 

higher solubility of benzamides (±)-la-d in Me 2 SO/H 2 0 compared to the cyclic 
scaffold-peptide hybrids allowed tests under more concentrated conditions, thereby 
increasing the detection limit of the assay. They were found to inhibit HLA-DR4 
molecules in the single-digit millimolar concentration range (50% inhibition at 5 mM 
for compounds (±)-la, (±)-lb, and (±)-ld, and 35% inhibition for (±)-lc). X-Ray 
crystal-structure data on MHC-peptide co-crystals [12b] [13c] demonstrated that the N- 
Ac group (position 0) is interacting with residues Ser a53 and His 081, and that de- 
amino compounds have diminished affinity. Consequently, the properties of the cyclic 
scaffold are not factors responsible for the diminished binding. Introduction of 
appropriate side chains at C(4) of the cyclic scaffold is planned to test this hypothesis. 

3. Conclusion. - Unsymmetricaliy disubstituted N-alkyl-N'-arylsulf amides were 
synthesized from amino-acid building blocks by two different methods. Compounds 
(±)-4a-d were obtained by reaction of amino acid methyl esters with a sulfamoyl 
chloride, whereas (±)-ll was prepared from a N-sulfamoyloxazolidinone. Cyclization 
of aliphatic sulfamides was then extended to the aromatic sulfamides (±)-4a-d and 
(±)-ll with f-BuLi as base and afforded the ^/-aryl-l>2,5-thiadiazolidin-3-one 1,1- 
dioxide derivatives (±)-la-d and (±)-2, respectively. Compounds (±)-3a-c with a 
propionate side chain at N(2) were also prepared by the oxazolidinone method for 
attachment to a tetrapeptide fragment. The X-ray crystal structure of 1,2,5-thiadiazo- 
lidin-3-one 1,1-dioxide (±)-21a was solved, and the directionality of the H-bond donor 
(N-H) and acceptor (S0 2 ) groups of the cyclic scaffold was determined. Analysis of 
the crystal packing showed that the N-H bond is oriented out of the five-membered- 
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ring plane and adopts a nearly eclipsed orientation with one of the two vicinal S-O 
bonds. The pK & value of the N-H group in (±)-21a was determined by 'H-NMR 
titrations as 11.9, making it a strong H-bond donor. Despite low potency so far obtained 
for HLA-DR4 molecules, the l,2,5-thiadiazolidin-3-one 1,1-dioxide scaffold offers an 
interesting opportunity in medicinal chemistry as a rigid, easily accessible heterocycle 
featuring H-bonding sites in a quite unique array. 

Experimental Part 

General. Reagent-grade solvents and reagents were purchased from commercial suppliers and used without 
further purification unless otherwise stated. The (±)-amino acid methyl ester hydrochlorides (±)-6a [41], (±)-6b 
[42], (±)-6c [43], and (±)-6d [44] were prepared according to the literature procedures. THFand Et 2 0 were 
freshly distilled from sodium benzophenone ketyl. Evaporation in vacuo was conducted at H 2 0 aspirator 
pressure. Flash chromatography (FC): silica gel 60 (230-400 mesh, 0.040-0.063 mm) from Fluka. M.p.: Biichi 
SMP-20; uncorrected. IR Spectra [cm- 1 ]: Perkin-Elmer 1600-FT IR. NMR Spectra: Bruker A MX 500 and 
Varian Gemini 300 or 200 at 296 K, with solvent peak as reference. MS (m/z (%)): EI: VG TRIBRID 
spectrometer at 70 eV; FAB: VG ZAB2-SEQ spectrometer with 3-nitrobenzyl alcohol (NOBA) as matrix; ESI: 
Finnigan TSQ 7000 spectrometer. Elemental analyses were performed by the Mikrolabor at the Laboratorium 
filr Organische Chemie, ETH ZOrich. 

Procedure A. To a soln. of 5 (16.50 mmol) in CH 2 0 2 (100 ml) cooled to 0° was added dropwise CISO3H 
(18.00 mmol). After stirring at r.t. for 1 h, PC1 5 (18.00 mmol) was added, and the soln. was heated to reflux for 
3.5 h. The amino acid methyl ester hydrochloride (15.00 mmol) was added to the soln. of sulfamoyl chloride 
prepared in situ. The soln. was made basic (pH 8-9) by the addition of Et 3 N and stirred at r.t. for 2.5 h. The 
reaction was quenched with sat. aq. NaCl soln. (100 ml), the org. phase was separated and the aq. phase 
extracted with CH 2 Q 2 (2 x 100 ml). The combined org. extracts were dried (MgS0 4 ), evaporated in vacuo, and 
purified by FC (Si0 2 ; hexane/AcOEt 6:4). 

Procedure B. To r-BuLi (1.7m soln. in pentane ; 5.00 mmol) in dry THF (100 ml) at r.t. under Ar was added a 
soln. of sulf amide (2.00 mmol) in THF (20 ml) over 4 h via syringe pump, and the mixture was stirred for 12 h. 
The reaction was quenched with sat. aq. NaCl soln. (100 ml) and 1m aq. HQ soln. (50 ml), the org. phase was 
separated, and the aq. phase extracted with CH 2 C1 2 (2x 100 ml). The combined org. extracts were dried 
(MgS0 4 ), evaporated in vacuo, and purified by FC (Si0 2 ; CHjCVMeOH 9:1). 

Procedure C A soln. of methyl (l,13-trioxo-l,2,5-thiadiazolidin-2-yl)benz6ate (2.00 mmol) in MeOH 
(50 ml) and 1m aq. KOH soln. (50 ml) was stirred at r.t. for 12 h. The MeOH was evaporated in vacuo, the soln. 
made acidic with 1m aq. HO soln. (60 ml) and extracted with AcOEt (4 x 100 ml). The combined org. extracts 
were dried (MgS0 4 ) and evaporated in vacuo. The residue was dissolved in THF (20 ml), EDC (2 mmol) and 
HOBt (2 mmol) were added, and the soln. was stirred at r.t. for 1 h. A 25% aq. NH4OH soln. (2 mmol) was then 
added, and stirring was continued for 4 h. The mixture was filtered, the filtrate evaporated in vacuo and purified 
by FC (SiO z ; CH 2 Cl 2 /MeOH/NH 3 85 : 14 : 1). 

Procedure D. To a stirred soln. of chlorosulfonyl isocyanate (4.00 mmol) in CH 2 Q 2 (50 ml) cooled to 0° was 
added 2-chloroethanol (4.00 mmol) at such a rate that the reaction temp, did not exceed 5°. After stirring at 0° 
for 1.5 h, a soln. of amine (4.00 mmol) and Et^N (12.00 mmol) in CH 2 Q 2 (50 ml) was slowly added so that the 
reaction temp, remained under 5°. When the addition was complete, the soln. was allowed to warm to r.t. and 
stirred for 12 h. The reaction was quenched with 2m aq. HC1 soln. sat. with NaCl (100 ml), the org. phase was 
separated and the aq. phase extracted with CH 2 D 2 (2 x 100 ml) . The combined org. extracts were dried 
(Na 2 S0 4 ) and filtered. Et 3 N (5 ml) was added, and the soln. was stirred at r.t. for 6 h. The reaction was quenched 
with 1m aq. HO soln. (200 ml) , the org. phase was separated and the aq. phase extracted with CH 2 Q 2 (2 x 
100 ml). The combined org. extracts were dried (Na 2 S0 4 ) and evaporated in vacuo. 

Procedure E. A soln. of oxazolidinone (1.00 mmol), amine (1.00 mmol), and EtjN (1 ml) in MeCN (25 ml) 
was heated to reflux for 12 h. MeCN was removed in vacuo, 1m aq. HO soln. (50 ml) was added to the residue, 
and the product was extracted with CH 2 0 2 (3 x 50 ml). The combined org. extracts were dried (Na 2 S0 4 ), 
evaporated in vacuo, and purified by FC (Si0 2 ; hexane/AcOEt 7:3). 

Procedure F. A soln. of sulfamide (1.00 mmol) and NaH (2.50 mmol) in THF (50 ml) was heated to reflux 
for 7 h. The mixture was allowed to cool to r.t., quenched with 1m aq. HO soln. (50ml), and extracted with 
AcOEt (3 x 50 ml). The combined org. extracts were dried (MgS0 4 ) , evaporated in vacuo, and purified by FC 
(Si0 2 ; hexane/AcOEt 8 :2 to 7:3). 
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Procedure G. A soln. of l,2,5-thiadiazolidin-3-one 1,1-dioxide (1 mmol) in CF 3 C0 2 H (50 ml) was stirred at 
r.t. for 3 h. The residue obtained by evaporation in vacuo was recrystallized (hexane/Et 2 0). 

(±)-Methyl 4-((([l-(Methoxycarbonyl)-2-phenytehylJam ((±)- 
4a) TVeatment of (±)-6a (5.00 g, 23.18 mmol) according to Procedure A gave (±)-4a (6.34 g, 70%). Colorless 
solid. M.p. 153-155° (hexane/AcOEt). IR (KBr): 3223m, 17245, 1700m, 1610m, 1350m, 1281m, 1154*. 'H-NMR 
(200 MHz, CDCl,): 7.93, 7.04 (AA'BB\ 7 = 8.8, 4 H); 7.22-7.16 (m, 3 H); 7.06-7.01 (m, 2 H); 5.31 (d,J = 9.1, 1 
HV 4 33 (m 1 H); 3.90 (s, 3 H); 3.61 (s, 3 H); 3.00 (m, 2 H). "C-NMR (75 MHz, CDC1 3 ): 171.8; 166.5; 141.2; 
134 8- 131 1-129 2- 128 7; 127.5; 125.4; 117.8; 57.4; 52.8; 52.2; 38.8. DEI-MS: 392 (14, M + ), 333 (9), 241 (46), 230 
(12), 151 (32), 120 (62), 91 (100). Anal. calc. for (WAS (392.4): C 55.09, H 5.14, N 7.14, S 8.17; found: 
C 55.26, H 5.12, N 7.21, S 8.09. , 

(±)-Methyl 4-[({[l-(Methoxycarbonyl)-2-(naphthalen-2-yl)ethy^ 
boxylate ((±)-4b). TVeatment of (±)-6b (810 mg, 3.05 mmol) according to Procedure A gave (±)-4b (1.28 g, 
95%) Colorless solid. M.p. 180-182° (hexane/AcOEt) . IR (KBr): 3278m, 3230m, 1717m, 1697*. 1610m, 1436m, 
1339m, 12905, 1239m, 11545. 'H-NMR (200 MHz, CDC1 3 ): 7.80-7.67 (m, 3 H); 7.70 (d, 7=8.7, 2 H); 7.56-7.44 
(m 3H);7.18(d,/=8.3,lH);6.92(d,/^^ 

5 3 H); 3.70 (5, 3 H); 3.28, 3.11 (AB of ABX, 7^=4.8, J BX = 6.6, J AB = 14.0, 2 H). 13 C-NMR (75 MHz, CDCV 
CD,OD ca 99-1): 172.7; 167.2; 142.2; 133.3; 133.1; 132.5; 130.6; 128.2; 128.1; 127.6 (2 x); 126.8; 126.1; 125.7; 
1238-116.5;57.4;52.4;51.8;38.6.DEI-MS:442(5,M^),241 (8), 212 (14), 168 (7), 151 (14), 141 (100), 120 (19). 
Anal.' calc. for C^N^S (442.5): C 59.72, H 5.01, N 6.33, S 7.25; found: C 59.92, H 5.16, N 6.52, S 7 16. 

(±)-Methyl 4-[(([l-(Methoxycarbonyl)-3-phenylpropyl]aminoJsulfony^ 
((±)-4c) Treatment of (±)-6c (2.01 g, 8.75 mmol) according to Procedure A gave (±)-4c (762 mg, 22%). 
Colorless solid. M.p. 143-145° (hexane/AcOEt) . IR (KBr): 3263m, 17225, 1610m, 1437m, 1349m, 12925, 1147* 
1106m. 'H-NMR (200 MHz, CDC1 3 ): 8.01 (d, 7=8.3, 2 H); 7.29-7.14 (m, 5 H); 7.06 -7.02 (m, 2 H); 4.09 (m l 
HV 3 91 (5 3 H); 3.58 (*, 3 H); 2.60 (m, 2 H); 2.17-1.87 (m, 2 H). "C-NMR (75 MHz, CDC1 3 ): 172.8; 166.8; 
141.7; 140.2; 131.4; 128.8; 128.6; 126.6; 125.8; 118.0; 56.0; 52.9; 52.2; 34.4; 31.2. DEI-MS: 406 (20, M+), 347 (7), 
182 (9), 151 (100), 120 (40), 117 (74), 105 (29), 91 (97). Anal. calc. for C^H^C^S (406.5): C 56.15, H 5.46, 
N 6.89, S 7.89; found: C 56.27, H 5.53, N 7.07, S 7.92. 

(±)-Methyl 4-{[({l-(Methoxycarbonyl)-2-[4-(phenylmethoxy^ 
1-carboxylate ((±)-4d). TVeatment of (±)-6d (4.50 g, 13.98 mmol) according to Procedure A gave (±)-4d 
(2 48 g, 36%). Colorless solid. M.p. 152-154° (hexane/AcOEt). IR (KBr): 3300m, 3224m, 17225, 1612m, 1514m, 
1351m, 1278m, 1156m, 1117m. 'H-NMR (200 MHz, CDC1 3 ): 7.95, 7.05 (A4'S*\7=8.8, 4 H)\ 7.45-7.32 (m 5 
HV 6 96, 6.81 (A/1 7 = 8.7, 4 H^^ 

2 96 (m, 2 H). 13 C-NMR (75 MHz, CDC1 3 ): 171.9; 166.5; 158.1; 141.1; 136.9; 131.0; 130.3; 128.6; 128.0; 127.5; 
126 9- 125.4; 117.7; 115.0; 69.9; 57.5; 52.8; 52.1; 38.0. DEI-MS: 498 (3, A/+), 226 (4), 197 (78), 178 (11), 151 (36), 
120 (57), 107 (10), 91 (100). Anal. calc. for C^H^C^S (498.6): C 60.23, H 5.26, N 5.62, S 6.43; found: C 60.16, 

H53 (±?-Me]w ((±K*0. Treatment of 

(±Ma (1.50 g, 3.82 mmol) according to Procedure B gave (±)-7a (1.03 g, 75%). Yellow solid. M.p. 169-171° 
hexane/AcOEt). IR (KBr): 3267m, 1725m, 1605m, 1333m, 1289m, 11535, 1106m. 'H-NMR (200 MHz, 
CD,VSO): 8.38(d,7=9.4,lH);7.75, 7.05 (A/l'5fl',7 = 8.7,4H);7.16-7.05 (m,5H);3.90 - 3.84(m, 1 H);3.81 
5, 3 H); 2.89 (AB of ASX,7^=6.0, 7^=8.6,7., = 13.7, 2 H). 13 C-NMR (75 MHz, (CPASO* JW| 
143.1; 136.6; 130.0; 128.9; 127.9; 126.3; 122.4; 116.5; 57.2; 51.7; 37.5. DEI-MS: 360 (1, Af + ),332 (5), 151 (51), 120 
(100)', 91 (43). HR-DEI-MS: 360.0779 (A/ + , C| 7 H 16 N 2 0 5 S; calc. 360.0780). , x ^ - 

(±)-Nfethyl 4-[4-(Naphthalen-2-ylmethyiyiA3-trioxo-lX\2^^^^ ((±)-7b)- Treat- 

ment of (±)-4b (900 mg, 2.03 mmol) according to Procedure B gave (±)-7b (425 mg, 51%). Yellow solid. M.p. 
172-175° (hexane/AcOEt). IR (KBr): 3251m, 1722m, 16095, 1434m, 1406m, 1322m, 12805, 114&y, 1106m. 
'H-NMR (200 MHz, (CD 3 ) 2 SO): 7.78 -7.62 (m, 3 H); 7.67 (d,7=8.7, 2 H); 7.50 (*, 1 H); 7.40-7.30 (m, 3 H); 7.00 
(d 7 = 8 7, 2 H); 3.89-3.83 (m, 1 H); 3.77 (s, 3 H); 3.19, 2.98 (AB of ABX, 7^=4.6, 7 BAr =7.3, J AB = 14.0, 2 H). 
' 3 C-NMR (75 MHz, (CD^O): 173.5; 166.1; 144.0; 136.4; 132.9; 131.8; 130.4; 128.3; 127.8; 127.4 (2x); 127.1; 
125.7; 125.2; 122.2; 116.4; 58.9; 51.7; 38.0. DEI-MS: 410 (1, 169 (2), 151 (55), 141 (9), 120 (100), 92 (19). 
HR-DEI-MS: 410.0936 (M + ,C2,H 18 N 2 0 5 S; calc. 410.0936). 

(±)-Methyl 4-[4-(2-Phenylethyl)-U,3-trioxo-lX 6 ,2,5-thM^ ((±)-7c). Treatment of 

(±)-4c (750 mg, 1.85 mmol) according to Procedure B gave (±)-7c (592 mg, 86%). Yellow solid. M.p. 105- 
107° (hexane/AcOEt). IR (KBr): 3265m, 17185, 1609*, 1433m, 1322m, 12835, 11515, 1106m. 'H-NMR (200 MHz, 
(CD 3 ) 2 SO): 7.89, 7.21 (AA'BB\ 7=8.7, 4 H); 7.24-7.13 (m, 3 H); 6.98-6.94 (m, 2 H); 3.83 (5, 3 H); 3.63-3.58 
m 1 H); 2.50-2.41 (m, 2 H); 1.92-1.80 (m, 2 H). "C-NMR (75 MHz, (CD^O): 173.8; 166.2; 144.3; 142.1; 
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130.6; 128.3 (2 x); 125.7; 122.4; 116.6; 56.9; 51.8; 45 J; 34.1. DEI-MS: 374 (2, A/ + ), 346 (3), 343 (2), 270 (22), 191 
(11), 151 (90), 120 (100). HR-DEI-MS: 374.0939 (M\ QbH^OjS; calc. 374.0936). 

(kyMethyl 4-(4-{[4-(Phenylmethoxy)phenyl]methyl)-U,3-trioxo4X 6 ^ ((db)- 
7d) . Treatment of (±)-4d (1.13 g, 2.27 mmol) according to Procedure B gave (±)-7d (0.87 g, 83% ) . Yellow solid. 
M.p. 113-115° (hexane/AcOEt). IR (KBr): 3262m, 1718m, 1609*, 1513m, 12825, 1239m, 1152*, 1106m. >H-NMR 
(200 MHz, (CD 3 ) 2 SO): 7.81, 7.04 (AABB, 7=8.6, 4 H); 7.45-7.31 (m, 5 H); 7.04, 6.77 {AA'BB 1 , 7=8.6, 4 H); 
5.00 (5, 2 H); 3.77 (j, 3 H); 3.90 -3.84 (m, 1 H); 3.00, 2.77 (AB of ABX, 7^=4.3, J BX =1B, 7 HB = 13.7, 2 H). 
"C-NMR (75 MHz, (CD^O): 172.8; 165.8; 156.7; 143.3; 137.1; 130.0 (2 x); 129.1; 128.3; 127.6; 127.4; 122.2; 
116.4; 114.0; 68.8; 57.8; 51.6; 36.6. DEI-MS: 466 (3, Af + ), 435 (2), 197 (17), 178 (5), 151 (49), 134 (3), 120 (100), 
91 (42). HR-DEI-MS: 466.1226 (A/ + , C^N^S; calc. 466.1198). 

( ±)-4-[4-( Phenylmethyl)-lJJ'trioxO'n 6 ,2,5-thuidujzotan-2-ylJbe -carboxamide ((±)-la) . Treat- 

ment of (±)-7a (500 mg, 1.39 mmol) according to Procedure C gave (±)-la (172 mg, 36%). Colorless solid. 
M.p. 174-176° (Et 2 0/MeOH). IR (KBr): 3456m, 3367m, 1744m, 1654*, 1606m, 1325*, 1183m, 1161m. 'H-NMR 
(200 MHz, (CD^O): 9.08 (s, 1 H); 8.11 (s, 1 H); 8.03, 7.45 (AA' BB', 7 = 8.6, 4 H); 7.54 (5, 1 H)'; 7.37 - 7.27 (m, 5 
H); 4.76, 3.28, 3.04 (ABX, 7^=3.9, J BX = 10.1, J AB = 14.3, 3 H). "C-NMR (75 MHz, (CD 3 ) 2 SO): 168.1; 166.8; 
136.2; 135.2; 132.7; 129.5; 128.9; 128.2; 126.7 (2x); 61.0; 36.3. DEI-MS: 345 (2, M+), 317 (11), 146 (19), 136 
(13), 118 (28), 91 (100). Anal. calc. for C I6 H I5 N 3 04S (345.4): C 55.64, H 4.38, N 12.17, S 9.28; found: C55.78, 
H 4.46, N 12.05, S 9.16. 

(±)-4-[4-( Naphthalen-2-ylmethyiyi, l,3-trioxo-lX\2,5-thiadiazouw-2-yl)benzene-l -carboxamide ((±)-lb) . 
Treatment of (±)-7b (400 mg, 0.97 mmol) according to Procedure C gave (i)-lb (104 mg, 27%). Colorless 
solid. M.p. >175° (dec). IR (KBr): 1754m, 1742m, 1729m, 1610m, 1322*, 1186*, 11655. ! H-NMR (200 MHz, 
(CD 3 )2SO): 9.13 (br. 5, 1 H); 8.10 (5, 1 H); 8.02 (d, 7=7.8, 2 H); 7.91 -7.85 (m, 4 H); 7.52 - 7.46 (m, 6 H); 4.87- 
4.84 (m, 1 H); 3.47-3.41 (m, 1 H); 3.26-3.21 (m, 1 H). ,3 C-NMR (100 MHz, (CD 3 ) 2 SO): 168.5; 167.0; 135.0; 
134.2; 133.2; 132.9; 132.0; 128.8 (2 x); 127.9 (2 x); 127.7; 127.4; 126.5; 126.1; 125.6; 61.3; 36.8. FAB-MS: 396 (25, 
A/H+), 391 (41), 149 (100), 141 (19). HR-FAB-MS: 396.1015 (A/H + , C^N^S; calc. 396.1018). 

( ±)-4-(4-(2-Phenylethyl)-lJ,3-trioxo-lX\2,5-thiadiazofan-2-ylfo^ -carboxamide ((±)-lc) . Treat- 

ment of (±)-7c (500 mg, 1.34 mmol) according to Procedure C gave (db)-lc (270 mg, 57%). Colorless solid. 
M.p. 168-170° (AcOEt). IR (KBr): 3445m, 3378m, 1739m, 16545, 1606m, 1322m, 1183m, 1161m. ! H-NMR 
(200 MHz, (CD^jSO): 7.87, 7.42 (AA'BB', 7= 8.7, 4 H); 7.25 - 7.07 (m, 5 H); 4.09 (dd, 7= 9.5, 4.6, 1 H); 2.92- 
2.65 (m, 2 H); 2.33-2.05 (m, 2 H). "C-NMR (75 MHz, (CD 3 ) 2 SO): 169.5; 169.4; 139.9; 134.3; 133.9; 129.1; 
128.8; 128.7; 126.9; 126.6; 59.5; 32.9; 31.5. DEI-MS: 360 (5, A/H + ), 359 (4, A/ + ), 331 (5), 255 (54), 191 (38), 147 
(33), 134 (63), 117 (45), 105 (29), 91 (100). Anal, calc. for C, 7 H 17 N 3 0 4 S (359.4): C 56.81, H 4.77, N 11.69, S 8.92; 
found: C 56.54, H 4.80, N 11.76, S 8.93. 

(±)+(4-{[4-(Phenylmethoxy)phenyl]methyl}-lJ,3-trioxo-lX 6 t 2,5-thiafa 
((i)-le). Treatment of (±)-7d (600 mg, 1.29 mmol) according to Procedure C gave (±)-le (300 mg, 52%). 
Colorless solid. M.p. 216-218° (Et 2 0/MeOH). IR (KBr): 3222m, 1724m, 1689m, 1672m, 1513m, 1395m, 13175, 
1233m, 1178*. J H-NMR (200 MHz, (CD 3 ) 2 SO): 9.06 (5, 1 H); 8.13 (5, 1 H); 8.05 (</,7=8.7, 2 H); 7.56 (5, 1 H); 
7.49 - 7.34 (m, 7 H); 7.28, 7.01 (AA'BB', 7=8.6, 4 H); 5.12 (5, 2 H); 4.72, 3.22, 3.00 (ABX, J AX = 3.9, J BX =9.9, 
7^ = 14.0, 3 H). ,3 C-NMR (75 MHz, (CD 3 ) 2 SO): 168.2; 166.8; 157.2; 137.1; 135.1; 132.8; 130.7; 130.5; 128.8; 
128.3; 127.7; 127.5; 126.6; 114.5; 69.0; 61.2; 35.5. DEI-MS: 451 (1,M + ), 197 (3), 146 (3), 134 (2), 120 (4), 107 (6), 
91 (65). Anal. calc. for C^ti 2l ^ 3 OS (451.5): C 61.19, H 4.69, N 9.31, S 7.10; found: C 61.15, H 4.71, N 9.16, S 7.00. 

{±)^{4-[(4-Hydroxyphcnyl)methyl]-lJ,3-trwxo-lk 6 ,2,5-thM ((±). 
Id). A soln. of (±)-le (330 mg, 0.73 mmol) and pentamethylbenzene (1.08 g, 7.29 mmol) in CF 3 C0 2 H 
(20 ml) was allowed to stand at r.t. for 1 h. The soln. was evaporated in vacuo, the residue washed with Et 2 0 
(5 ml) and dried in vacuo to give (±)-ld (261 mg, 99%). Colorless solid. M.p. >200° (dec; hexane/AcOEt/ 
MeOH). IR (KBr): 3433m, 3189m, 1728m, 16465, 1611m, 1511m, 13395, 11895, 11675. 'H-NMR (200 MHz, 
(CD^O): 9.22 (5, 1 H); 9.03 (5, 1 H); 8.12 (5, 1 H); 8.05, 7.46 (AA'BB', 7=8.7, 4 H); 7.55 (5, 1 H); 7.15, 6.75 
(AA'BB', 7=8.7, 4 H); 4.67, 3.17, 2.95 (ABX, J AX =X7, 7 ajr =9.9, 7^=14.1, 3 H). "C-NMR (75 MHz, 
(CD^O): 168.5; 167.2; 156.5; 135.4; 133.0; 130.7; 129.1; 126.9; 126.4; 115.2; 61.5; 35.7. DEI-MS: 361 (4, A/+), 
238 (4), 191 (6), 146 (20), 136 (31), 120 (39), 107 (100). HR-DEI-MS: 361.0729 (M + , Q^^OjS; calc 361.0732). 

(±)-Methyl N-[2-{[4-(Aminocarbonyl)phenylJaminoJ-l-(naphthalen^ ((±)- 
8). The procedure described for (±)-lb also afforded (±)-8 (54 mg, 13%). Colorless solid. M.p. > 165° (dec). 
IR (KBr): 3489m, 3378m, 1733m, 16595, 1606m, 1144m. 'H-NMR (200 MHz, (CD^O): 10.08 (br. 5, 1 H); 8.62 
(br. 5, 1 H); 7.86-7.62 (m, 7 H); 7.51-7.43 (m, 2 H); 730-7.26 (m, 1 H); 7.20(5, 1 H);7.06 (47 = 8.7, 2 H); 4.18- 
4.04 (m, 1 H); 3.40 (5, 3 H); 3.09, 2.95 (AB of ABX, J AX = 7.3, J BX = 8.1, J AB = 13.7, 2 H). "C-NMR (100 MHz, 
(CD^O): 171.8; 167.6; 141.4; 134.1; 133.0; 132.0; 128.4; 127.9; 127.8; 127.6; 1275; 127.5; 127.4; 126.1; 125.8; 
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116 6- 57.2; 51.7; 37.8. DEI-MS: 427 (2, Af+),409 (3), 229 (10), 212 (7), 141 (100). Anal. calc. for CtfbHfifi 
(427.5)- C 59.00, H 4.95, N 9.83, S 7.50; found: C 58.82, H 5.15, N 9.60, S 7.30. _ 

Methyl 2.(3.fia^xo-U^atolm-3-yl)sidMyll<^)P^y l ) ta ^! e j ^J^T ° f , A 2£rt 
4.96 mmol) [45] according to Procedure D gave 10 (139 g, 89% ) . Colorless solid. M.p. 72 - 74 (hexane/AcOEt ) 
IR (CHC1,) 1773,, 1737,, 1418m, 1388m, 1182,, 1156,. 'H-NMR (200 MHz, CDO^W-MS (m, A H); 433- 
425(m,2H);3.88 - 3.80<m,2H^^ 

135 6- 130 M28 1- 124.0; 122.0; 63.0; 52.0; 46.5; 40.7. DEI-MS: 314 100, 255 (24), 165 (63), 163 (54) 106 
S Ana. cafe for C,; Hl4 NAS (314.3): C45.86, H4.49, N8.91, S10.20; found: C45.93, H4.52, N8.76, 

SW '7±).Methyl2M((3-[(Methoxycarbonyl)methyl]phen^ 

noate (U)-U). Treatment of 10 (2.06 g, 6.55 mmol) and (±)-6b (2.06 g, 6.55 mmol) aecord.ng ^ Procedure E 
gave (Sll ( .69 g, 90%). Colorless solid. M.p. 128-130' (hexane/AcOEt). IR (KBr): 3278m^ ,3222m 1739m, 
1721,, 1350m, 12&9m, 1149,. 'H-NMR (200 MHz, CDClj): 7.81-7.69 (m, 3 H); 751 ^imu i m"^^/^ 
1 HV 708 id 1 =79 1 H); 6.97-6.88 (m, 3 H); 6.54 (,, 1 H); 5.19 (d,J =9.1, 1 H); 4.49 - 4.38 (m, 1 H); 3.66 (, 3 
H V 3 64fa 3 H ) • 3 50 (,, 2 H); 3.28-3.10 (m, 2 H). "C-NMR (125 MHz, CDC1 3 ): 171.8; 171.6; 137.0; 135.2; 

390 DEI-MS: 456 (11, M+). 255 (36), 212 (24), 165 (29), 141 (100). Anal. calc. for QjH^^S (456.5). 
C6051 H 5.30, N 6.14, S 7.02; found: C 60.65, H 5.52, N 6.02, S 7.09. 

(±).Methyl 2.(3-{4.[(NaphlhaUn.2.yl)m<thyl]-U,3.trioxo.nU* «±>" 
12) Treatment of (±)-ll (1.32 g, 2.89 mmol) according to Procedure B gave (±)-12 (1.05 g 86%). Yellow solid. 
M p 135-137°- IR (KBr): 3256m, 1733m, 1594m, 1561m, 1416m, 1144,. 'H-NMR (200 MHz, (CD 3 ),SO): 7.8 - 
mS 1 H);769 -7.65(m,2H);7.51 (,, 1 H);7.45-7.29(m,3H);7.15-7^(m,lH);6.96-6.»(m,2H); M l 
L 7- 75 2 HV 3 90 - 3 82 m 1 H); 3.55 (,, 3 H); 3.53 (,, 2H); 3.16, 2.77 (AB 0 fABX,J AX =5A,J BX =6.2.J*„= 
U l 2 S "C-NMR (75MHz fi) 2 SO : 173.5; 171.6; 139.5; 136.6; 135.1; 133.0; 131.8; 129.0; 128.7; 127.9; 
m5 (2 x)'; SJSs 7?i5 r 2 %2Tl; U9.0; 116.6; 58.7; 51.6; 453; 37.9. DEI-MS: 424 (8, M*), 165 (82). 141 
f53) 106 (100). HR-DEI-MS: 424.1116 (Af+.CnHaNjOjS; calc 424.1093). . , 

of (itl2 (500mg, U8 mmol) and potassium trime.hylsilanolate (454 mg, 3.54 mmol) n THF 25 ml) was 
stirred at r «. for 24 h. The reaction was quenched with 1m aq. HC1 soln. (50 ml) and the mixtureextracted with 
AcOEt (3 x 50 ml). The combined org. extracts were dried (N a2 S0 4 ) and evaporated in vacuole residue :was 
dissolved in THF (25 ml), EDC (226 mg, 1.18 mmol) and HOBt (159 mg, 1.18 mmol) were added, and the soln. 
wL«irreda,r,.forlh.A25%a^^ 

4 h The mixture was filtered, evaporated in vacuo, and purified by FC (fcCy, CH : a^MeOHff4H 4 OH 85 14 1) 
I Z (Sa«0 mg, 38%) Colorless solid. M.p. 160-163- <Et 2 0/CH 2 Cl 2 ). IR (KBr): 3378m 1739* .1656, 
1339m, 1322m, 1178m. 'H-NMR (200 MHz, (CD 3 ) 2 SO): 7.95-7.88 (m, 4 H); ^ o i h\ 

m fiQQ (I 1HV487fdrf /=99 37 1 H); 3.50 - 3.42 (m, 1 H); 3.48 (,, 2 H); 3.23 (dd, 7 = 14.3, 9.9, 1 H). 
SnMR V MB fSJSi) "1^168.6; 138.6; 134.3; 133.1; 132.2; 130.7; 130.4; 129.7; 128.1; 128.0 (2 x); 
CT9 1277 (2 x); lio.3; &9; 125.6; 61.0; 41.2; 36.7. DEI-MS: 409 (9, Af), 169 (18), 141 (100). Anal calc. for 
CH.V.O.S (409.5): C 61.60, H 4.68, N 10.26, S 7.83; found: C 61.39, H 5.08, N 9.83, S 7.66. 

(2.52 "1ll6 mmol). PPh, (4.50 g, 17.16 mmol), and 14 (1.99 ml, 15.60 mmol) in dry THF (180 ml) was added 
DEAD (2.91 ml, 18.72 mmol), and the soln. was stirred at r.t. for 20 h. The reaction was quenched w.th a sat. a* 
NaCI so n. (100 ml) and the mixture extracted with AcOEt (3 x 100 ml). The combined org. P^^ned 
nvIgSOO, evaporated in vacuo, and purified by FC (Si0 2 ; hexane/AcOEt 6:4) to give U (3.60g, 77%£ 
Collie* solid" M.p. 92-94". IR (KBr): 1767m. 1719,, 1428m, »^ »*£ ™™ 

nm MHz CDC1,V 788-7.82 (m, 2 H); 7.77 -7.70 (m, 2 H); 3.85 (,, 2 H); 3.73 (,, 3 H); 1.26 (,, 6 H). C-NMR 
i34.3 132.1; 123.6; 52.4; 46.2; 43.7; 23.4. DEI-MS: 261 (3 A£), 202 (7), 160 
lOoV Anal, cal for C„H 15 N0 4 (261.3): C 6436. H 5.79. N 536; found C 64.41, H 5.84, N 1531. 
^ 3^.2,2-d^yl rop^onU Acid (16). A soln. of 15 (800 mg, 3.06 mmol) in AcOH (10 ml cone a* 
HC1 soln. (10 ml), and H 2 0 (10 ml) was heated to reflux for 16 h. The soln. was evaporated m vacuo, the residue 
diluted with H 2 D (50ml), washed with Et.O (2 x50m.), and ^^.^^'^T^ 
(Dovex WX8)to afford 16 (243 mg, 67%). Colorless solid. M.p. >200° ([46]: 239 ). H-NMR (200 MHz, 

Di °y$SoS^ am t ° i6 ( 5 i 3 t^ 9 mm n • in zi 

NaOH soln (20 mi) at 0° was added dropwise a soln. of benzyl chloroformate (0.90 ml, 6.36 mmol) in dioxane 
(3 ml) during 30 min, and the soln. was stirred at r.t. for 5 h. The dioxane was removed in vacuo, the soln. made 
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acidic with 1m aq.'HCl soln. (50 ml) and extracted with AcOEt (3 x 50 ml). The combined org. extracts were 
dried (MgS0 4 ) and evaporated in vacuo to give 17 (830 mg, 68%). Colorless oil. 'H-NMR (200 MHz, CDC1 3 ): 
739- 7.30 (m, 5 H); 5.35 - 5.25 (m, 1 H); 5.16 (s t 2 H); 3.33 (d % 7 = 6.6, 2 H); 1.25 (j, 6 H). 

tert-£nfy/ 3'{{(Benzyloxy)carbonyl]amino}'2 t 2-dimethylpropanoate (18). To a suspension of 17 (2.02 g, 
8.04 mmol) in CH 2 C1 2 (16 ml) in a sealed tube was added cone. H 2 S0 4 (0.08 ml). Isobutene (16 ml) was then 
added at - 78°, and the soln. was shaken at r.t. for 65 h. The mixture was poured into 1m aq. NaOH soln. (50 ml) 
and extracted with CH 2 C1 2 (3 x 50 ml). The combined org. extracts were dried (Na 2 S0 4 ), evaporated in vacuo, 
and purified by FC (Si0 2 ; hexane/ AcOEt 9 : 1) to give 18 (2.10 g, 85%). Colorless oil. IR (CHC1 3 ): 2981m, 1719s, 
1514j, 1369m, 1314m, 1144j. 'H-NMR (200 MHz, CDC1 3 ): 7.38-7.36 (m, 5 H); 5.32 - 5.30 (br. j, 1 H); 5.11 (*, 2 
H); 3.27 (d,/=6.2,2 H); 1.44 (5, 9 H); 1.15 (*, 6 H) . "C-NMR (75 MHz, CDC1 3 ): 176.7; 157.0; 136.9; 128.7; 128.3 
(2 x); 80.9; 66.8; 48.9; 44.0; 28.0; 23.1. FAB-MS: 308 (39, MH + ), 252 (100), 234 (26), 208 (26), 91 (52). Anal, 
calc. for QtH^O, (307.4): C 66.43, H 8.20, N 4.56, O 20.82; found C 66.62, H 8.11, N 4.74, O 20.96. 

tert-Butyl3-Amino~2,2-dimethylpropanoate (13). A soln. of 18 (600 mg, 1.95 mmol) in MeOH (50 ml) was 
treated with 10% Pd/C (60 mg) under H 2 (1 bar) for 3 h. The mixture was filtered and evaporated in vacuo to 
give 13 (300 mg, 89%). Colorless oil. IR (CHC1 3 ): 2979m, 1714*, 1474m, 1392m, 1380m, 1295m, 1151*. 'H-NMR 
(200 MHz, CDC1 3 ): 2.68 (s, 2 H); 1.44 (*, 9 H); 1.11 (s, 6 H). ,3 C-NMR (75 MHz, CDC1 3 ): 176.9; 80.3; 51.6; 45.0; 
28.1; 22.9. EI-MS: 173 (2, Af + ), 144 (28), 100 (21), 88 (100). 

(±)-Methyl 2-[[(2-Oxo-l,3~oxazolan-3-yl)sulfonylfamino}-3-phenylpropanoate ((±)-19a). Treatment of 
(±)-6a (5.00 g, 23.18 mmol) according to Procedure D gave (±)-19a (6.88 g, 91%). Colorless solid. M.p. 132- 
133° (hexane/AcOEt). IR (CHQ 3 ): 3196m, 1754j, 1380m, 1223m, 1175m, 1149m. 'H-NMR (200 MHz, CDC1 3 ): 
7.38-7.17 (m, 5 H); 4.66 -4.60 (m, 1 H);4.30(f,7=7.7,2H);3.86(/,7=7.7,2H);3.77 (5, 3 H) ; 3.18, 3.08 (/IB of 
ABX, J AX = 6.0, J BX = 7.1, J AB = 14.2, 2 H). "C-NMR (75 MHz, CDC1 3 ): 171.6; 153.3; 135.3; 129.7; 129.1 ; 127.7; 
62.6; 58.2; 53.1; 45.2; 38.9. DEI-MS: 329 (5, MH+), 269 (7), 237 (17), 182 (12), 177 (10), 162 (100), 150 (24), 118 
(26) , 91 (67). Anal. calc. for C 13 H 16 N 2 0 6 S (328.3): C 47.55, H 4.91, N 8.53, S 9.77; found: C 47.48, H 4.84, N 8.51, 
S9.67. 

(±)-Methyl 3'(Naphthalen-2-yl)-2~([(2-oxo-l,3^xazolan-3-yl)sulfonyl]amino}pm^ ((±)-19b). Treat- 

ment of (±)-6b (2.50 g, 9.41 mmol) according to Procedure D gave (±)-19b (3.48 g, 98%). Colorless solid. M.p. 
115-117° (hexane/AcOEt). IR (KBr): 3216m, 1751*. 1380m, 1205m, 1181m. 'H-NMR (200 MHz, CDC1 3 ): 
7.83-7.78 (m, 3 H); 7.64 (j, 1 H); 7.50-7.42 (m, 2 H); 7.33-7.27 (m, 1 H); 5.71 (br. s, 1 H); 4.78-4.63 (m, 1 H); 
4.17-3.97 (m, 2 H); 3.82 - 3.66 (m, 2 H); 3.77 (j, 3 H); 3.33, 3.20 (AB of ABX, J AX =5A, 7 B ,=72, J AB = 14.2, 2 
H). "C-NMR (50 MHz, CDCI 3 ): 171.4; 153.0; 133.4; 132.7; 132.6; 128.6 (2 x); 127.8; 127.6; 127.3; 126.5; 126.1; 
62.4; 58.2; 53.0; 45.0; 39.1. ESI-MS: 442 (100, [M + Na + MeCN] + ), 401 (49, [M + Na] + ), 379 (3, MH + ). Anal, 
calc. for C 17 H 18 N 2 0 6 S (378.4): C 53.96, H 4.79, N 7.40, S 8.47; found: C 54.17, H 4.82, N 7.34, S 8.22. 

(±)-Methyl 2-([(2-Oxo-l,3-oxazolan-3-yl)sulfonyl]amino}-4-phenylbutanoate ((±)-19c). Treatment of (±)- 
6c (637 mg, 2.77 mmol) according to Procedure D gave (±)-19c (540 mg, 57%). Colorless solid. M.p. 87-89° 
(hexane/AcOEt). IR (KBr): 3208m, 1746j, 1385m, 1178m. 'H-NMR (200 MHz, CDC1 3 ): 7.35-7.21 (m, 5 H); 
5.94 (5, 1 H); 4.46-4.38 (m, 2 H); 4.38-4.31 (m, 1 H); 4.12-3.92 (m, 2 H); 3.77 (s, 3 H); 2.82 - 2.74 (m, 2 H); 
2.32-1.98 (m, 2 H). "C-NMR (75 MHz, CDCI 3 ): 172.2; 153.5; 140.3; 128.8; 128.7; 126.6; 62.8; 56.9; 53.1; 45.5; 
34.5; 31.3. DEI-MS: 343 (5, A/H*), 342 (4, A/ + ), 283 (2), 132 (52), 117 (100), 91 (82). Anal. calc. for 
Ci 4 H 18 N 2 0 6 S (342.4): C 49.11, H 5.30, N 8.18, S 9.37; found C 49.23, H 5.35, N 8.01, S 9.35. ■ 

(±)-Methyl 2-[ (f[2-(tert~Butoxycarbonyl)ethyl]amino}sulfonyl)amino]-3-phenylpropanoate ((±)-20a). 
Treatment of (±)-19a (3.77 g, 11.48 mmol) and ^-alanine terf-butyl ester (2.09 g, 11.48 mmol) according to 
Procedure E gave (±)-20a (2.61 g, 59%). Light-yellow oil. IR (CHC1 3 ): 1739m, 1721m, 1153*. 'H-NMR 
(200 MHz, CDC1 3 ): 7.38-7.13 (m, 5 H); 4.94-4.87 (m, 1 H); 4.86 (d,7=9.6, 1 H);4.36-4.21 (m, 1 H); 3.78 (j, 3 
H); 3.15 {dd % 7= 13.5, 5.6, 1 H); 3.07 - 2.97 (m, 1 H); 3.09 - 2.89 (m, 2 H); 2.38 (f, 7=5.8, 2 H); 1.46 (j, 9 H). 
13 C-NMR (75 MHz, CDC1 3 ): 172.6; 171.8; 135.8; 129.7; 128.9; 127.6; 81.6; 57.1; 52.7; 39.1; 38.8; 34.8; 28.1. DEI- 
MS: 387 (1, MH + ), 331 (12), 313 (9), 295 (12), 281 (11), 271 (40), 253 (28), 239 (100), 162 (9), 91 (5). HR-DEI- 
MS: 387.1595 (MH + , CtH^C)^; calc. 387.1590). 

(±)-Methyl 2-[({[2-{\exl-Butoxycarbonyl)ethyl]amino}sulfonyl)amino]-3-(M 
((±)-20b). Treatment of (±)-19b (500 mg, 1.32 mmol) and /3-alanine fcrrf-butyl ester (241 mg, 1.32 mmol) 
according to Procedure E gave (±)-20b (350 mg, 61%). Colorless oil. IR (CHC1 3 ): 1740m, 1722m, 115<fc, 1136*. 
'H-NMR (200 MHz, CDC1 3 ): 7.85-7.78 (m, 3 H); 7.66 (s, 1 H); 7.53-7.43 (m, 2 H); 7.33 - 7.28 (m, 1 H); 4.92- 
4.88 (m, 2 H); 4.41 -430 (m, 1 H); 3.76 (j, 3 H) ; 3.30, 3.19 (AB of ABX, J AX =5.S, J BX = 6.9, 7^ = 13.8, 2 H); 
3.11-2.82 (m, 2 H); 2.28 (f, 7 = 5.8, 2 H); 1.43 (j, 9 H). ,3 C-NMR (75 MHz, CDC1 3 ): 172.6; 171.8; 133.6; 133.2; 
132.8; 128.6 (2 x); 127.9 (2 x); 1275; 126.5; 126.2; 81.6; 57.1; 52.7; 393; 38.8; 34.6; 28.1. DEI-MS: 436 (1, Af + ), 
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239 (16) 212 (70), 168 (16), 141 (100). Anal. calc. for (WW (436.5): C 57.78, H 6.46, N 6.42, S 7.35; 
(±)-Methyl l-[ ((//-(ten ouwxywuv j , , , n d 13 /93Q me 1.38 mmol) according to 

prop — ( (± ).^) = „^ 

/>roced«« E gave (±)-20c (400 mg, ffl% ^ °^ so „.^ p - " - 766 / j H) . 751 _ 7 .44 (m, 2H) ; 7.34-7.29 
1740,1705,1162, ^H-W^ 

(m, 1 H); 4.93-4.79 (m. 2 H); 4.37 -4.26 (ml H). 3.76 (*. H) *». V , H) 

^ = ,3.7,2H);2.71^ = 125 7.UH^ 

QMW C 59.46, H 6.94, N 6.03, S 6.90; found C59.69, H6.86, 

(±)-Methyl 2-[ (//^-(ten bhio^cu™^ , / , ^ mmol) according to Procedure E 

((± ).20d). Treatment of (±)-19c (747 mg 2.18 mmol) ^"^S^™ Q,): 1739, 1711m, 1369m, 
gave (±)-20d (540 mg, 64%). Colorless solid. WLp.79 -81 G^^'J „ " H) . 4 . 15 _ 3 . 99 ( m , 1 
1348m, 1309m, 1145vs. 'H-NMR (200 MHz, 9^9^' 7 ^7. 2 24 j 93^m 2HW^M fo9 H); 1.19 (, 3 H); 1.17 
H);3.75 (,3H);3.02 ^-«^^^^'^St^«A; 55.1; 528; 51.1; 43.1; 34.8; 

128.2;81.7;617;36.*3^ 

91 (100). Anal. calc. for CJWfifi (354.4). C : 54 22, H 0^0 ^ 5 . thiadialo l an .2-yl]pro P <moate ((±)-21b). 
f±Mert-Bufv/ 3-[4-(mphthalen-2-ylmethyl)-V,3- tnoxo '"^^.''K^ 36%) . Yellow, 

Treatment of <±>» O-*^— i^i'SSSS'cCtf «5* 7.88 8 '-7,l (m, 3 H); 
highly viscous oil. IR (CHC1 3 ). 1729m, UMW u:*», iwi 1 HV452 -4 45 (m,l H);3.89 ((,7=7.6, 

7.71 (m, 1 H); 7.56-7.49 (m, 2 H); 7.38-7.32 ^ , j'^T.^^ /^y'^^g 2 H); 1.45 (, 9H). "C-NMR 

2 H); 3.47, 3.31 (AB ^i^^^'^l^.^., 126.0; 126.0; 11 3; 81.7; 61.7; 36.9; 

<(A r ln, ^« 

Yellow, highly viscous oil. IR (CHCI3) 1726, 134»m, i/v • _ • (d,/=6.7, 1 H); 4.51-4.42 

7.79 (m, 3 H); 7.70 (, 1 H); 7.55- .46 (m 2 W ~ ft " Jg' 2 H ); 1.45 (, 9 H); 1.19 (, 3 H); 

(2O0MHz,CDCI,):7.38-7.17(m,5H); V > 

(29) 323 (42), 295 (17), 236 (100). Anal. calc. for C 19 H M N 2 0 $ S (396.5). n 

m entof(±)-21b(100mg.0.25mmol > f^'^SiS^S^^SS^??^^ i.. 3 k>; 7« 1 H); 
i28-131MR<>«r):17^ 

?^% i £X^™™™i^™ ™ 1276; 1274 (2 x): 1260; 125 - 6; 
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60.9; 36.8; 36.0; 32.1. DEI-MS: 348 (4, M + ), 168 (6), 141 (100). HR-DEI-MS: 348.0775 (Af\ C 16 H I6 N 2 0 5 S; calc. 
348.0780). 

(±)-2,2-Dimethyl-3-{4-(naphthalen'2-ylmethyl)-l,l,3-tri^^ 
3b). Treatment of (±)-21c (100 mg, 0.23 mmol) according to Procedure G gave (±)-3b (60 mg, 69%). Colorless 
solid. M.p. 188-189°. IR (KBr): 3344m, 3189m, 1750*, 1730m, 1333m, 1256m, 1190m, 1154m. *H-NMR 
(200 MHz, CD 3 OD): 7.84 - 7.76 (m, 4 H); 7.47-7.41 (m, 3 H); 4.53, 3.40, 3.09 (ABX, J AX = 3.9, J BX = 10.0, J AB = 
14.1, 3 H); 3.76 (s, 1 H); 3.74 (s, 1 H); 1.19 (s, 3 H); 1.17 (s, 3 H). "C-NMR (75 MHz, CD 3 Ot>): 179.8; 171.9; 
135.6; 135.3; 134.3; 129.6; 129.4; 129.0; 128.9 (2 x); 127.4; 127.1; 63.0; 44.0; 38.7; 24.1. DEI-MS: 376 (7, M + ), 169 
(23), 167 (23), 141 (100). HR-DEI-MS: 376.1098 (M\ C IS H^ 2 0 5 S; calc. 376.1093). 

(±)-2,2-Dimethyl-3-[4-(2-phenylethyl)-l,lJ-trioxo-lX 6 p 2,5-thw^ Acid ((±)-3c). 

Treatment of (±)-21d (190 mg, 0.48 mmol) according to Procedure G gave (±)-3c (140 mg, 86%). Colorless 
solid. M.p. 105.5-106° (hexane/AcOEt) . IR (KBr): 3199m, 17355, 1325m, 1264m, 1180m, 1146m. 'H-NMR 
(200 MHz, CD 3 OD): 7.33-7.15 (m, 5 H); 4.12-4.06 (m, 1 H); 3.74 (s, 2 H); 2.87 - 2.67 (m, 2 H); 2.26-1.90 (m, 2 
H); 1.22 (s, 6 H). "C-NMR (75 MHz, CD 3 OD): 179.4; 172.7; 142.0; 129.9; 129.9; 127.6; 60.8; 44.0; 34.5; 32.7; 
24.1. NH.-DCI-MS: 341 (9, AfH + ), 323 (12), 295 (4), 236 (12), 218 (12), 134 (43), 104 (74), 91 (100). Anal. calc. 
for CsH^NjOjS (340.4): C 52.93, H 5.92, N 8.23, S 9.42; found C 52.99, H 5.78, N 8.09, S 9.33. 

X-Ray Crystal Structure c/(±)-21a. X-Ray crystal data for QeH^NjOsS (M T = 354.4): monoclinic space 
group P2M D c = 1331 gcnr\ Z=4, 0 = 14.491(5), 6 = 7.715(5), c = 15.862(5) A, £ = 93.90(2)°, V= 
1769.2(14) A 3 , MoK a radiation, .1 = 0.71070 A, 1.84 < 0< 24.99°, 3114 unique reflections, T=193K. The 
structure was solved by direct methods (SHELXS 86) and refined by full-matrix least-squares analysis 
(SHELXL-93) using an isotropic extinction correction and an exponentially modified weight factor r=2.5 A 2 . 
All heavy atoms were refined anisotropically, H-atoms isotropically. H-Positions are based on stereochemical 
considerations, except H-N(14), which was located from an electron-density-difference map. Final R(F) = 
0.0340, w/?(/ r2 ) = 0.1416 for 243 parameters and 2366 reflections with I>2o(I). 

Crystallographic data (excluding structure factors) for the structure reported in this paper have been 
deposited with the Cambridge Crystallographic Data Centre as deposition No. CCDC-133802. Copies of the data 
can be obtained, free of charge, on application to the CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (fax: + 
44 (1223)336033; e-mail : deposit@ccdc.cam.ac.uk). 

This work was supported by F. Hoffmann-La Roche AG, Basel, Nutley (USA) . We thank Dr. Carlo Thilgen 
(ETH Zilrich) for assistance with the nomenclature. 
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